





Ria 





Pa 
? 





? ae aS 
; Da Ne ae tee 
i bathe 4 ek ah a 





he purpose of these accelerated 
tests is to show what happens when 
various types of coatings are exposed 
to a typical corrosive environment. 
Four clean steel panels, free from mill 
scale and rust, were coated with dif- 
ferent combinations of primers and 
topcoats. Each was scribed to bare 
metal and immersed in salt water in 
the presence of free oxygen, for two 
weeks. 

As caustic deposits formed over 
cathodic areas of the steel in tests 1, 
2 and 3, failure occurred in three 
ways. The vinyl, though not directly 
attacked, was undercut as caustic 


TEST 1—One coat 
of self-priming vinyl. 
Coating breaks 
away (L) due to 
severe undercutting 
(R), exposing metal 
to progressive 
corrosion. 


TEST 2—Epoxy 
primer, epoxy 
topcoat. Coating 
lifts off in single 
sheet (L) as 
adhesion fails (R), 
exposing entire 
surface to corrosion. 


TEST 3—Oil primer, 
oil topcoat. Both 
coats fail completely 
(L) as underfilm 
caustic reacts on 
their oils to form 
soaps (R). 


TEST 4—Amercoat's 
No. 86 inhibitive 
primer and No. 33HB 
vinyl topcoat. : 
Corrosion restricted 
to scored line (L), 

no undercutting 

or peeling (R). 


spread beneath the film and destroyed 
adhesion. The epoxy coating, known 
for critical adhesion to smooth metal, 
proved impervious to caustic attack. 
It was, however, lifted in its entirety 
as moisture spread beneath the sur- 
face. The entire oil paint film was 
quickly penetrated by the salt solu- 
tion, creating widespread corrosion 
and caustic formation. The caustic 
then reacted with the oil to saponify 
the film. 

In the fourth test the corrosion was 
hmited to the score mark. Reason: 
Amercoat No. 86 Primer resists un- 
dercutting and adheres tenaciously, 
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inhibiting electrolytic corrosive 
action. 

The conclusions are clear. To pro- 
vide long term protection in corro- 
sive service, start with Amercoat No 

Primer, which provides a sound 
and lasting base for quality topcoats 
such as Amercoat No. 33HB. 

Write today for complete data on 
Amercoat No. 86, and have the de- 
tails on hand when planning your 
next important coating job. 


109 Dept. GD 
4809 Firestone Blvd., South Gate, Calif. 
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THE MODERN TAPE...AT WORK FOR MODERN INDUSTRY 


20-inch gas main site-wrapped 
with versatile Polyken' tape 


Upper New York State utility company 
turns to Polyken tape to get the job done 
fast...and sure...in congested areas 


This is the tape that’s making big-inch pipeline 
news this year. Made of tough, inert polyethylene, 
Polyken tape offers proven protection against the 
corrosive effects of moisture, soil chemicals and elec- 
trolytic current. 

And here, on a site-wrapping job in a congested 
city area, it provides another major advantage: 
simplicity of application. 


Tape saves headaches 


You know the complications of using a hot coating 
in a place like this. Easy-to-apply Polyken tape 
does away with these problems. It goes on, as you 


see, right off the roll— without heat, liquids, solvents 
or thinners. Saves time, labor and equipment costs. 


Now you know why more and more utility com- 
panies are turning to site or over-the-ditch wrapping 
for their distribution lines with time-tested, time- 
and money-saving Polyken tape. 


For further information, write to the Polyken 
Sales Division, 309 W. Jackson Blvd., Chicago 6, Ill. 


Poluken 


Experienced in modern 
PROTECTIVE COATINGS 


THe KERN DALIL comeasv 
Polyken Sales Division 
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“Sure, we use Galvomag Anodes for our underground lines. 


They’re the best low-cost protection.” 


Says a corrosion engineer, “We've found Galvomag 
magnesium anodes are the only thing that will work eco- 
nomically. And they don’t give us interference problems, 
either. We particularly like them for protecting coated lines 


and bare lines at stream and road crossings.” 


We get many reactions like this from men who work with 
pipelines. That’s because Galvomag® anodes deliver 25% 


more current than conventional anodes. This extra throwing 


power provides that added margin of protection so often 
needed in underground pipelines. 


A few dollars invested in Galvomag anodes pays handsome 
dividends in terms of longer service life for equipment, less 
maintenance and fewer service interruptions. For under- 
ground metal structures, magnesium anodes are your best 
bet. For facts, figures and technical assistance, contact one 
of the firms listed below or write to us. THE DOW CHEMICAL 
COMPANY, Midland, Michigan, Dept. MA 1437R. 


CALL THE DISTRIBUTOR NEAREST YOU: Cathodic Protection Service, Houston, Texas + Corrosion Services, Inc., Tulsa, Oklahoma - Electro 
Rust-Proofing Corp. (Service Division), Belleville, N.J. » Ets-Hokin & Galvan, San Francisco, Calif. - The Harco Corp., Cleveland, 
Ohio + Royston Laboratories, Inc., Blawnox, Penna. + Stuart Steel Protection Corp., Plainfield, N.J. » The Vanode Co., Pasadena, Calif. 


YOU CAN DEPEND ON 
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SCHEDULED FOR PUBLICATION IN MAY 


Experience With Sweet Oil Well Tubing 
Coated Internally With Plastics 


A Status Report of NACE Technical Unit 
Committee T-1C on Sweet Oil Well Corrosion 


Detailing reports on 419 wells in 38 fields in the Texas and Louisi- 
ana Gulf Coast area in which plastic coated tubing is used. Service 
periods up to 10 years are covered. 
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THIS MONTH’S COVER—This view of a part 
of the 19-mile 4 and 6-inch 3003 alloy alu- 
minum water pipeline connecting a river to a 
water-flooding operation in the Pembina oil 
field was taken before the pipe was buried 
bare. This is believed to be the longest un- 
protected buried aluminum pipeline so far 
installed in the world. Wall thickness is from 
0.188 to 0.310-inch. (Photo: Aluminium Labora- 
tories, Ltd., Kingston, Ont.) 
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No matter what the 
application .. . 


STANDARD HIGH CURRENT 
ANODES PRODUCE 502 
MORE CURRENT THAN 
CONVENTIONAL ANODES 


Because of lower circuit resistance, FOUR Standard 
Magnesium HicH CurrENT anodes will give the 
same protection as six conventional anodes. And 
this is accomplished without sacrificing current ef- 
ficiency because Standard’s HicH CurreNT anodes 
are made from H-1 alloy magnesium. This is the 
alloy proved in thousands of installations as the 
alloy offering greatest protection. 


Lower circuit resistance permits a more econom- 
ical delivery of current to the installation to be 
protected. In other words, with Standard’s HicH 
CuRRENT anode you get more ampere hours of pro- 
tection per pound of metal consumed .. . plus 50% 
more current output and protection than with con- 
ventional anodes. 


The only way to get full protection and a full 
return for each dollar invested — is to insist on 
Standard’s HicH CurrENT anodes. Available in a 
wide variety of sizes. 


For complete information describing advantages of 
HicH CurrENT anodes write for FREE booklet BH 58. 


HIGH CURRENT anodes deliver greoter efficiency 
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@ Niagara Frontier Section 


Walter A. Szymanski, Spsirmes: 
Hooker Electrochemical Co., P. 
Box 344, Niagara Falls, New York. 

H. A. Andersen, Vice-Chairman; Car- 
borundum Metals Co. Inc., P. O. 
Box 32, Akron, New York. 

M. Stern, Sceretary-Treasurer; Metals 
Research Labs., Electro Metallurg- 
ical Co., P. O. Box 580, Niagara 
Falls, New York. 


@ Philadelphia Section 


Walter H. Burton, Chairman; 
eral Chemical Division, 
Chemical & Dye Corp., 
den 3, N. 

Robert S. Mercer, 
Pennsalt Chemicals 
marsh Research Labs., 
4388, Chestnut Hill P. 
delphia 18, Pa. 

K. Deichler, Secretary-Treasurer; 
Supt., Mechanical Inspection Dept., 
The Atlantic Refining Company, 
Refining Div., 3144 Passyunk Ave., 
Philadelphia, Pa. 


(Continued on Page 8) 


Gen- 
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Vice-Chairman; 
Corp., White- 
. O. Box 
O., Phila- 
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1.2 4S @ protective 


coating for enclosed 
structural steel | 


COMPLETELY 
CORRODED 


CORROSION DIFFICULTIES, arising from conden- 
sation of moisture between the interior and exterior 
walls of steel housing units, require that structural 
members be protectively coated to prevent damage 
to the strength properties of the structure. 

Since coating systems vary in their effectiveness 
for this purpose, thirty-four kinds of available paint 
systems were tested under conditions simulating 
those expected to be encountered in actual service. 
Evaluation of protectiveness was based on corrosion 
resistance to (1) continuous immersion in water, (2) 
contact with air at high humidity, (3) continuous con- 
densation, (4) alternate wet-dry conditions, and (5) 
continuous contact with insulation in the presence 
of water. Tests were conducted on triplicate panels 
for each coating system, two panels in the as-painted 
condition and one intentionally damaged by scratch- 
ing it lengthwise through the paint film to the steel. 
In the case of damaged films immersed in water for 
3000 hours—the most severe test condition — these 
tests showed: 

“Only System C (red lead) offered protection to the 
bare steel in the damaged zone. In fact, for the majority 
of the other systems, continued exposure would have 
resulted in actual perforation of the base metal in this 
area in a relatively short period cf time. 
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An example of corrosion damage due to lack of paint 
protection on structural steel in a building. Photo- 
graph at left indicates one of the badly rusted 
beams. Small pieces of steel laid on top of the beam 
are portions of other members which had corroded 
completely. Photograph above shows the bad pitting 
found on the columns. 


“Considering all factors in rating the various coatings, 
System C (red lead) appears to be outstanding. It has a 
good blister rating, it affords excellent protection to the 
base metal, as. evidenced by low weight loss and slight 
visual evidence of attack on the steel and, as previously 
mentioned, penetration and undercutting at the damaged 
zone are either negligible or slight.” 

No other metal-protective paint has ever known 
such wide acceptance by industry through the years 
as red lead. And, as the afore mentioned tests again 
proved, the value of red lead as a corrosion inhibi- 
tive pigment is most fully realized in a paint where 
it is the only pigment used. 


Data from “A Study of Paints for Enclosed Structural Members ia 
Steel Housing Construction” — a technical report on a compre- 
hensive investigation recently conducted at Battelle Memorial 
Institute under the sponsorship of the American Iron and 
Steel Institute. 


ST. JOSEPH LE AD co. 


250 PARK AVENUE, NEW YORK 17 


THE LARGEST PRODUCER OF LEAD IN THE UNITED STATES 
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(Continued From Page 6) 


@ Pittsburgh Section 


A. B. McKee, Chairman; Alcoa Re- 
search Laboratories, Freeport Road, 
New Kensington, Pennsylvania 

S. H. Kalin, Vice-Chairman; U. S. 
Steel Research Lab., Monroeville, 
Pennsylvania 

R. W. Maier, Secretary; Gulf Oil 
Corp., 4th floor, Gulf Bldg., Pitts- 
burgh 19, Pennsylvania 

C. L. Dey, Treasurer; Koppers Com- 
pany, Inc., Koppers Bldg., Pitts- 

urgh 19, Pennsylvania 


@ Schenectady-Albany-Troy Section 


Dr. H. A. Cataldi, Chairman; Gen- 
eral Electric Company, Building 7, 
1 River New 
York 

R. Clark, Vice-Chairman; Alco Prod- 
ucts, Inc., 1 Nott Street, Schenec- 
tady, New York 

S. L. Williams, Sec.-Treas.; SAR 
Auxiliary System Design, Knolls 
Atomic Power Lab., Room 116, 
Bldg. P-2, Schenectady, New York 


Road, Schenectady, 


@ Southern New England Section 


E. A. Tice, Chairman; The Interna- 
tional Nickel Company, 75 Pearl 
Street. Hartford, Conn. 

Archer B, Hamilton, Vice-Chairman; 
The Hartford Gas Company, 233 
Pearl, Hartford 4, Conn. 

William W. Steinert, Secretary-Treas- 
urer; A. V. Smith Company, P. O. 
Box 476, West Hartford, Conn. 





SOUTHEAST R 7 


John B. West, Director; Aluminum 
Company of America, 1800 Rhodes- 
Haverty Bldg.. Atlanta, Ga. 

foseph Frink, Chairman; 
Power & Light Company, 
Box 3100, Miami, Fla. 

Robert D. Williams, Vice-Chairman; 
108 Cedar Lance, Charlotte 7, N. C. 

G. M. Jeffares, Secretary-Treasurer; 
Plantation Pipe Line Co.; oO. 
Box 1743, Atlanta 1, Ga. 

John B. Paisley, Jr., Ass’t. Secretary- 
Treasurer; American Tel. & ‘Tel. 
Co., 1534 Brown Marx Bldg., Bir 
mingham, Ala. 


Florida 
i; 


P: 


@ Atlanta Section 

Joseph A. Lehmann, Chairman; Elec- 
tro Rust-Proofing Corp., 3 Rhodes 
Center, N. W., Atlanta, Ga. 

C. Jay Steele, Vice Chairman; Steele 
& Associates, Inc., 1008 Crescent 
Avenue, N. E., Atlanta, Ga. 

James P. McArdle, Jr., Secretary- 
Treasurer; American Telephone & 
Telegraph Company, 917 Hurt 
Building, Atlanta, Ga. 


@ Birmingham Section 
William W. 


Garrett, Chairman; 


1401 Bush Blvd., Birmingham, 
Ala. 

Ralph M. Cunningham, Vice- 
Chairman; Steele & Associates, 
Inc., 616 Carolyn Courts, Bis- 
cayne Highlands, Birmingham, 
Ala 

John B. Paisley, Jr., Secretary- 
Treasurer; American Tel. & Tel. 
Co., 1534 Brown Marx Bldg., 


Birmingham, Ala. 
Marion M. Fink, Asst. Sec.-Treas.; 
Tennessee Coal & Iron Div., 


U. S. Steel Corp., Electrical 
Lab., P. O. Box 599, Fairfield, 
Ala. 


@ Carolinas Section 


J. S. Livingstone, Chairman; Living- 
stone Coating Corp., Box 
8282, Charlotte, N. C. 

Ray Penrose, Vice-Chairman; Alum- 
inum Company of America, 616 
Johnston Bldg., Charlotte, N. C. 

Robert H. Gardner, Secretary-Treas- 

urer; Koppers Co., Inc., Tar Prod- 

ucts Div., 5435 Topping Place, 

Charlotte, N. C. 


@ East Tennessee Section 


James A. McLaren, Chairman; Oak 
Ridge National Laboratory, Div. of 
Union Carbide Corp., P. O. Box P, 
Oak Ridge, Tennessee 

Frank A. Knox, Sec.-Treas.; Oak 
Ridge National Laboratories, 
UCNC, Building 4501, X-10, Oak 
Ridge, Tenn. 


@ Jacksonville (Fla.) Section 


Arthur B. Smith, Chairman; Amer- 
coat Corporation, P. O. Box 2977, 
Jacksonville, Fla. 

Charles Carlisle, Vice-Chairman; In- 
dustrial Marine Service Co., Inc., 
P. O. Box 3641, Station F, Jackson- 
ville, Fla. 

John Hancock, Secretary-Treasurer; 
Electric & Water Utilities, City of 
Jacksonville, Utilities Bldg., 34 S. 
Laura Street, Jacksonville, Fla. 


@ Miami Section 


J. B. Prime, Jr., Chairman; Florida 
Power & Light Co., Box 3100, 
Miami 30, Florida 

H. L. Truchelut, Vice Chairman; 
Southern Bell Telephone & Tel- 
egraph Co., P. O. Box 1471, 
Miami, Fla. 


® Ohio Valley Section 


R. S. Dalrymple, Chairman; Engi- 
neering Services Dept., Reynolds 
Metals Co., P. O. Box 1800, Louis- 
ville, Ky. 

H, J. Smith, Vice-Chairman; Metai- 
lurgv & Ceramics Laboratory, Ap- 
pliance Park, Room 249E, Bldg. 5, 
General Electric Company, Louis- 
ville, Ky. 


JG. Klein. Secretary-Treasurer; 
Texas Gas /ransmission Corpora- 
tion, P. O. Box 577, 423 W. Third 
St., Ownesboro, Ky. 

© Tidewater Section 

George R. Lufsey, Chairman; Vir- 


ginia Electric & Power Co., P. O. 
Box 1194, Richmond, Virginia 

Murray S. Spicer, Vice-Chairman; 
The Chesapeake & Potomac Tele- 
phone Co. of Virginia, 703 East 
Grace Street, Richmond, Virginia 

Otis J. Streever, Secretary-Treasurer; 
Newport News Shipbuilding & Dry 
Dock Company, Newport News, 
Virginia 
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H. E. Waldrip, Director; Gulf Oil 
Corporation, 5311 Kirby Drive, 
Houston, Texas 

J. C. Spalding, Jr., Chairman; Sun 
Oil Company, Box 2880, Dallas, 
Texas 

J. A. Caldwell, Vice-Chairman; Hum- 
ble Oil & Refining Company, Box 
2180, Houston, Texas 

W. F. Levert, 
United Gas Pipe Line Co., 
Box 1407, Shreveport, Louisiana 


Dan H. Carpenter, Asst. Secretary- 
Treasurer; Aquaness Dept., Atlas 
Powder Company, P. O. Box 8521, 
Oklahoma City, Okla. 

John W. Nee, Trustee-at-Large; 
Briner Paint & Mfg. Co., 3713 
Agnes Street, Corpus Christi, Texas 


Secretary-Treasurer; 
P.O 


@ Alamo Section 


Zane Morgan, Chairman; 
Humphreys, Seguin, Texas 


814 E. 


Ransom L. Ashley, Vice-Chairman; 
United Gas Pipe Line Com- 
pany, Box 421, San Antonio, Texas 

City 


C. Kneuper, Sec.-Treas.; 
Box 


“" Public Service Board, P. O. 
1771, San Antonio, Texas 


Carl M. Thorn, Trustee; South- 
western. Bell Telephone Com- 
pany, P. O. Box 2540, San 


Antonio, Texas. 


@ Central Oklahoma Section 


. V. James, Chairman; University 
of Oklahoma, Norman, Okla. 

George Evans, Vice-Chairman; 2462 
N. W. 37th Place, Oklahoma City 
12, Okla. 

Frank B. Burns, Secretary-Treasurer; 
Kerr McGee Oil Industries, Inc., 
P. O. Box 125, Wynnewood Okla. 

C. C. Allen, Trustee; Anderson- 
Prichard Oil Corp., 1000 Liberty 
= Bldg., Oklahoma City 2, 

a. 


@ Corpus Christi Section 

Kenneth R. Sims, Chairman; Gas 
Division, Department of Public 
Utilities, P. O. Box 111, Corpus 
Christi, Texas 

William Taylor, Vice-Chairman; Gas 
Department, City of Corpus 
Christi, P. O. Box 1622, Corpus 
Christi, Texas 

Joseph L. Willing, Jr., Secretary- 
Treasurer; umble Pipe_ Line 
Company, P. O. Box 1051, Corpus 
Christi, Texas 

John P. Westerveldt, Trustee; Pon- 
tiac Pipe Line & Export Co., 
P. O. Box 1581, Corpus Christi, 


Texas 


© East Texas Section 
B. G. 


Texas 
pany, 
Texas 

Gene E. Smith, 
1012 Bledsoe 
Texas 

H. E. Schilling, Secretary; Sun Oil 
Company, P. O. Box 267, Carth- 
age, Texas 

Ike H. Hartsell, Treasurer; 
lite Company, P. O. Box 
Gladewater, Texas 

James C. Orchard, Trustee; 
nal Chemical Company, 
Box 54, Longview, Texas 


Hustead, Chairman; East 
Salt Water Disposal Com- 
P. O. Box 633, Kilgore, 


Vice 
Street, 


Chairman; 
Gilmer, 


Treto- 
1181, 


Cardi- 


PF. O. 


@ Greater Baton Rouge Area 
Temporary Officers 


P. E. Weaver, Chairman; Dow Chemi- 
cal Company, Commerce Building, 
Baton Rouge, La. 


P. S. O’Brien, Vice-Chairman; 2140 
Terrace Avenue, Baton Rouge, La. 


A. H. Tuthill, Secretary-Treasurer; 
Valco Engineering Inc., P. O. Box 
2918, Istrouma Station, Baton 
Rouge, La. 


@ Houston Section 


J. T. Payton, Chairman; The Texas 
Company, P. O. Box 425, Bellaire, 
Texas, 

W. A. Wood, Jr., Vice-Chairman; 
8827. Chatsworth Street, Houston 
24, Texas 

C. B. Tinsley, Secretary-Treasurer; 
Southwestern Bell Telephone Com- 

any, 1119 Capitol Avenue, Room 
1, Houston 2, Texas 

Charles L, Woody, Trustee; United 
Gas Corporation, P. O. Box 2628, 
Houston 2, Texas 


@ New Orleans-Baton Rouge Section 


F. A. MacDougall, Chairman; Shell 
Oil Company, P. O. Box 193, New 
Orleans, La. 


William L. Voorhies, Vice Chairman; 
Freeport Sulphur Company, Port 
Sulphur, La. 

Keith Ebner, Sec.-Treas.; The Texas 
Company, P. QO. Box 7, Harvey, La. 


O. L. Grosz, Trustee; The California 
meee, P. O. Box 128, Harvey, 
a. 








@ North Texas Section 


be Beesley, Chairman; Dallas 

ower & Light Company, 1506 
Commerce Street, Dallas, Texas 

E. J. Simmons, Vice Chairman; Sun 
Oil Company, P. O. Box 2880, Dal- 
las, Texas. 


Don Taylor, Sec.-Treas.; Otis Pressure 
Control, Inc., P. O. Box 35206, Dal- 


las, Texas. 


Howard Greenwell, Trustee; Produc- 
tion Profits, Inc., 8912 Sovereign 
Row, Dallas, Texas. 


@ Panhandle Section 
W. A. Tinker, Chairman; Phillips Pe- 


troleum Company, _ Engineering 
Dept., O. Box 327, Phillips, 
Texas 


Robert E, Allen, Vice Chairman; 2106 
N. Nelson St., Pampa, Texas 


James W. Edminster, Secretary- 
Treasurer; Cabot Carbon Com- 
pany, P. O. Box 1101, Pampa, 
Texas 


© Permian Basin Section 


Jack Collins, Chairman; Continental 
Oil Company, P. O. Box 3387, 
Odessa, Texas 


Roscoe Jarmon, Ist Vice-Chairman; 
Cardinal Chemical Co., Box 2049, 


Odessa, Texas 


G. K. Harding, 2nd Vice-Chairman; 
Gulf Oil Corp., P. O. Box 362, 
Goldsmith, Texas 

Robert C. Booth, Sec.-Treas.; Plastic 
Applicators, Inc., P. O. Box 2749, 
Odessa, Texas 

John V. Gannon, Trustee; The Texas 
Company, Production Dept., Box 
1270, Midland, Texas 


® Rocky Mountain Section 


Paul W. Lewis, Chairman; Bureau of 
Reclamation, Denver Federal Cen- 
ter, Denver, Col. 

Herbert L. Goodrich, Vice Chairman; 
American Tel. & Tel. Company, 
810 - 14th Street, Denver, Col. 

B. K. Wheatlake, Sec.-Treas.; Dear- 
born Chemical Company, Equitable 
Bldg., Room 245, Denver, Col, 

John R. Hopkins, Trustee; Protecto 
Wrap Company, 2255 So, Delaware 
Street, Denver, Col. 


@ Sabine-Neches Section 


A. V. Wafer, Chairman; Ohmstede 
Machine Works, P. O. Box 2431, 
Beaumont, Texas 

Paul McKim, Vice-Chairman; Socony- 
Paint Products Company, P. O. Box 
2848, Beaumont, Texas 


John L. Henning, Secretary-Treas- 
urer; Gulf Oil Corp., P. O. Box 
701, Port Arthur, Texas 


E. N. Coulter, Trustee; Cities Sevice 
Refining Corp., Basic Refinery Lab- 
oratory, Lake Charles, Ia. 


@ Shreveport Section 


L. B. Irish, Chairman; Irish Engineer- 
ing Service, 760 Dodd St., Shreve- 
port, Lousisana, 


J. J. Wise, Vice Chairman; Arkansas 
Louisiana Gas Co., Box 1734 Shere- 
port, Louisiana. 


Grady Howell, Secertary; Tube-Kote, 
Inc. 700 Dodd, Shreveport, Louis- 
iana. 


R. P. Naremore, Treasurer; Arkansas 
Fuel Oil Corp., P: O. Box 1117, 
Shereveport, Louisiana. 


E. H. Sullivan, Trustee; United Gas 
Pipeline Co., 2302 Thornhill, Shreve- 
port, Louisiana. 


(Continued on Page 10) 
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MORE 


OUTSTANDING FEATURES. 


@ Tough resilient plastic 
will not crack 


® Extra wide band with 
ample runners for all 
around protection and 
support 


Me PEASTIG 


i. SULATOR R 


SIZES: 2” to 12” 
(12” sizes shown) 


U D.Willicmon, me. 


O. BOX 4038 TULSA 9, OKLAHOMA 


REPRESENTATIVES: HOUSTON ° AMARILLO © PLAINFIELD, N. J 
JOLIET, Itt. * JACKSON, MICH. @© LOS ANGELES © SAN FRANCISCO 
BARTLESVILLE, OKLAHOMA © SEATTLE © SALT LAKE CITY © EDMONTON 
TORONTO ¢ VANCOUVER © BUENOS AIRES ¢ CABIMAS, ZULIA, 
VENEZUELA ® DURBAN, NATAL, S. AFRICA @ PARIS, FRANCE # SIDNEY, AUST 
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(Continued From Page 8) ~ Junkins, Vice Chairman; Cities @ Los Angeles Section Frank L. Pehrson, Secretary-Treas- 
ervice Oil Company, 1613 N. urer: Kennecott Copper Corp., 
© Teche Section Main, Great Bend, Kansas. J. S. Dorsey, Chairman; Southern P. O. Box 1650, Salt Lake City, 
Max I. Suchanek. Chairman; District Ray Walsh, Sec.-Treas.; Aquaness California Gas Company, Box 3249, Utah 
Product Engineer, Dowell, Inc., Dept., Atlas Powder Company, Terminal Annex, Los Angeles 54, 


P. O. Box 830, Lafayette, La. 1230 Grant Street, Great Bend, ot Hedborg, Vice-Chairman; 


Lee R. DeRouen, Vice-Chairman; eee as eh Aaa Union Oil Company of California, 
Union Oil & Gas Corp. of Louisi- fe’ Oe rustee : ve mee Research Center, Post Office Box TS Wiaes Chairman? 1036. Leal 
ana; 2nd Floor Pioneer Bldg., Lake Buildin : ey: aa 218, Brea, Cal. “Road. El Chien. Cal. ae 
Charles, La. ee at eae et 7a B. E. Black, Secretary-Treasurer; 


. eee . Plicoflex, Inc., 5501 Santa Fe Ave- Kenneth R. Christy, Vice Chairman; 
Ricans O6 keer, tee nue, Los Angeles 58, Calif. Federal Housing Administration, 


duction Dept., P. O. Box 1265, Oil 1 eo . a Room 201, San 


Center Station, Lafayette, La. WwW @ Portland Section 9 

Sam E, Fairchild, Treasurer; Texas St Bh) ed | R. V. Moorman, Chairman; Bonne- Reuben C, Tullis, Secretary-Treas- 
Pipe ta Company, Box 1145, Oil ville Power Administration, P. O. rer ; 543 Gala Avenue, San 
Center Station, Lafayette, La. Box 3537, Portland 8, Oregon Bingo 15, Cel. 


. E. H. Tandy, Director; Standard John Van Bladeren, Vice-Chairman; 
oF Reem, a, . > os Oil Company of C alifornia, r. Portland Gas & Coke Co., 132 
. ere See , Box 97, El Segundo, Cal. N. W. Flanders Street, Portland, ® San Joaquin Valley Section 


3 bs Oregon 
- _E, Blaoln, Chairman; Souther William R. Barber, Jr., Secretary- Robert L. Davis, Chairman; The 


Treasurer; Electric ‘Steel Foundry Superior Oil Co., P. O. Box 1031, 
J »s5 Cowles, Chairman; Consult ee — - hacen ko Co., 2141 N. W. 25th Avenue, Port- Bakersfield, Cal. 
song Enaineer, 1337 East. Tenth R-I. Stark, Vice Chairman; Pacific land 10, Oregon Herb E. Rose. Vice-Chai , 
ce a os Ol "4 Gas & Electric Co., Dept. of Pipe erbert + , OSC, ice-Unhairman, 
Street, Tulsa, Okla. Line Operations, P. O. Box 3246, P a The Superior Oil Co., P. O. Box 
O. W. Everett, Vice-Chairman; Okla- Bakersfield, Cal. @ Puget Sound Section 1031, Bakersfield, Cal. 
homa Natural Gas Company, Box yi Schiiinoller: Robert T. Mercer, Chairman; Robert Robert J. Kreps, Secretary- -Treasurer; 


871, Tulsa, Okla. urer: The International Nickel . ae: i woe Queen Anne Standard Pipe Line Co., 
Parke D. Muir, Secretary; Dowell, Company, Inc., West Coast Tech- Avenue, Seattle oe c Box 752, Bakersfield, Cal. 
Inc., Box 536, Tulsa, Okla. nical Section, 538 Petroleum Bldg., Norman H. Burnett, Vice-Chairman; 
Roger J. Norris, Treasurer; Koppers Los Angeles 15, Cal. 230 South 187th Street, Seattle 88, 
‘company, Inc., 310 Thompson fash. 


. Claud 1 ‘ anci i 
Building, 00 E. Fifth Street, Tulsa, @ Central Arizona Section — bg Le ae ogurer @ San Francisco Bay Area Section 


Okla. “hai 
; : ; David F. Moser, Chairman; El Paso Avenue, Seattle 88, Wash. J. B. Dotson, Chairman; Rockwell 
F. D. Williamon, Jr., ro 72 Natural Gas Company, P. O. Box Mig. Co., Nordstrom Valve Div., 


Tulsa 9, Oklahoma 1630, Phoenix, Arizona @ Salt Lake Section 2431 Peralta Street, Oakland, Cal. 


— ae. ogee eae’ ge John P, Reeves, Chairman; Reeves & J. P. Fraser, Vice Chairman; 39 

ust-Proofing, nC., ; 5 OX . ¢ ar oes se 

Wik Ranses Becton 1671, Suasale. reg Lac a 17th South, Salt Claremont Drive, Orinda, Ca 

G. Hl. Fanshier, Chairman; Corro Roy P. Osborn, Secretary-Treasurer; L. G. Haskell, Vice-Chairman; Salt B. A. Kronmiller, Secretary-Treas- 
sion Rectifying Company, R. R Mountain State Tel. & Tel. Com- Lake Pipeline Co., P. O. Box 117, urer; The Flox Co. Inc., P. O. 
> Great Bend, Kansas pany, Box 2320, Phoenix, Arizona Salt Lake City, Utah Box’ 296, Alameda, Cal. 


@ San Diego Section 


@ Tulsa Section 


Secretary-Treas- 


now! greater safety and efficiency in 


PUMPING CORROSIVE FLUIDS = isitnct"2'su, 


On the Mechanism of Stress Corrosion 
of Austenitic Stainless Steels in Hot 
Aqueous Chloride Solutions by K. W. 
Leu and J. N. Helle 


Thin Metal Film Corrosion Indicators 
by David Roller 


Corrosion and the Destination of Cor- 
rosion Products in High Pressure Power 
Plant by Ross C. Tucker 


Microbiological Deterioration of Buried 
Pipe and Cable Coatings by F. E. 
Kulman 


Corrosion Problems in Water Flooding 


CENTRIFUGAL PUMPS Lez by Ray W. Amstutz 


Electrical Measurements and Their In- 


At last—a full line of pumps specifically designed to Heart of the BART... terpretation in Underground Cable 
handle corrosive and abrasive fluids in the 1 to80GPM _ §j the exclusive Flex-Seal! Corrosion Problems by K. G. Compton 
range, at heads to 75 feet. Effectively minimizes a long- -prev- 

No longer need you cut down bigger pumps in range §j alent basic weakness of centrifugal Effects of Cold Working on Corrosion of 
and lose efficiency—or put up with undependable § pump design. Self-adjusting to High Purity Aluminum in Water at 
smaller pumps. wear. Needs no external lubrica- High Temperatures by M. J. Lavigne 
tion. Carbon stator /ceramic seat, 


Bart pumps have fewer parts to wear or get out of 
unexcelled for long wear—or 7 . 
Ss ls, es ‘ 20 ; 
order. Six models, each in corrosion resistant Type siren: Med Peles Teedhaenl> Means of Increasing Corrosion Resistance 


Stainless Steel. Or other alloys on special order. ened Type 20 Stainless Steel, for of Metal Alloys by N. D. Tomashov 
Write for catalog and performance curves. severest corrosive service. 
Corrosion of Zinc by Differential Aera- 


BART MANUFACTURING CORP. tion by G. Bianchi 


ELECTROFORMING - PIPE LINING & COATING - PLATERS - PUMPS - ENGINEERING DESIGN SERVICES 
229 Main St., Belleville 9, New Jersey 
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on guard enderrond... TRANTEX 
protects against costly CORROSION 


rents. Because of a patented Johns- 
Manville bonding process, Trantex al- 


Trantex—the tape that combats cor- 
rosion from any source—assures extra 


long-life for highly vulnerable pipes, 
fittings and metal surfaces that run 
below ground. Perfect for residential 
service entry, commercial and indus- 
trial uses, Trantex is easy to handle, 
simple to apply. It effectively and 


ways sticks tight .. . won’t be budged 
by underground pressures . . . resists 
abrasion and penetration, air leakage 
or chemicals in solution. Put Trantex 
to the test. See for yourself how 
Trantex fights costly corrosion! 


For full details .. . send for TRANTEX, 
the illustrated 8-page booklet that out- 
lines the many uses of Trantex, shows 
how it safeguards against corrosion 
above and below ground. 


Johns-Manville Dutch Brand Divi- 
sion, 7800 South Woodlawn Ave., 
Chicago 19, Illinois. 


economically resists water, air, micro- 
organisms, soil chemicals and the 
attacks of wayward electrical cur- 


JOHNS MANVILLE 


Jouns-MANVILLE 


PRODUCTS 
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FLUOROFLEX-T MOLDED BELLOWS 
PRESSURE vs TEMPERATURE 
Size Range 1 inch 1.D. through 4 inch 1.D. 


120 PT Poe 
oo LH Ca eh 
LS Lt me 


= FLEXIBLE 
| 
Sr ing 


Fluoroflex-T expansion joints molded from Teftlon® 


stand higher dynamic pressure 


Work over wide pressure range — Fluoroflex-T bellows and flex joit.ts are made 
of a special high density compound . .. Teflon 
at its best. Molding assures the optimum ten- 
Unequalled flex life — achieved through sile and fatigue strength. 
special compound of Teflon RESULT: Twice the burst strength, after flex- 
ing ... 20 to 30 times the flex life of ordinary 
Molded — not machined — for undam- bellows machined from Teflon! 
aged grain structure and interior convolu- Chemically as well as physically durable, 
tions that don’t fatigue and crack Fluoroflex-T bellows are inert to virtually all 
: 7 . known chemical and corrosive solutions. 
Corrosion-proof — universally useful with Investigate their full advantages — write 
all fluids and all types of piping for Bulletin B-1. RESISTOFLEX CORPORATION, 
Roseland, New Jersey. Southwestern Plant: 
Dallas, Texas. Western Plant: Burbank, Calif. 


and under full vacuum, too 


® Fluoroflex is a Resistoflex trademark, reg., U.S. pat. off. 
(R Teflon is DuPoni’s trademark for TFE fluorocarbon resins. 


RESISTOFLEX 


Complete systems for corrosive service 
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LINED STEEL PIPE ¢ FLANGED FLEXIBLE HOSE * BELLOWS * ELBOWS © TEES ¢ REDUCERS © DIP PIPES & SPARGERS © LAMINATED PIPE 
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...With Teflon at its best 





¢ Inherent thermal equilibrium of housing and liner 
prevents fatigue cracking of liner at the flare. 


¢ High density, non porous liner is universally inert 
and corrosion-proof. 


¢ Will not collapse under negative pressure — 
even at high temperatures. 





e Will not corrode, break, or wear — no mainte- 
nance, no downtime. 


ee aa 


¢ Non-contaminating — cannot cause batch spoilage. 





The ideal, universally corrosion-proof system for 
fluid service to 500° F—that’s Fluoroflex®-T Type 
S lined steel piping. It has a Schedule 40 steel hous- 
ing and seamless, impervious liner of Fluoroflex-T, 
a special high density compound of virgin Teflon. 


Liner is formed into housing by an exclusive 
Resistoflex process which dynamically balances 
thermal expansion-contraction between housing 
and liner. Unaffected by thermal shock...no fa- 
tigue stress at flare. 





Eliminates troublesome gaskets. On 
both pipe and fittings, the integral 
Fluoroflex-T liner covers the full gasket 
face of the flange... positively seals 
and prevents fluid-to-metal contact. 





Chemically as well as physically durable, 
Fluoroflex-T piping is completely inert to virtu- 
ally all known chemical and corrosive solutions. 

Send for bulletin which gives full specifications. 


RESISTOFLEX CORPORATION, Roseland, New Jersey. 
Other Plants: Dallas, Tex.; Burbank, Calif. 


® Fluoroflex is a Resistoflex trademark, reg., U.S. pat. off. 
® Teflon is DuPont’s trademark for TFE fluorocarbon resins 


RESISTOFLEX 


Complete systems for corrosive service 
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MORE ROLE LBA LEENA SSE LEA AAEM 


New cost savings 
at every turn with 
Carpenter Welded 


Stainless Pipe from | 
large local 
stocks 


@ Not only in initial cost does Carpenter Stainless Pipe 
save you money. Every step from installation through 
extra long service life will show Carpenter’s superior- 
ity. The uniformity of Carpenter welded stainless pipe 
adds even more operational benefits no matter which enn. 
schedule you select... 5, 10 or 40. Carpenter makes é ‘ 
all three. Your local distributor can supply your 
needs from stock. He can give you fast delivery. For 
complete ordering information write for Carpenter’s 


& & 
Selecting and Buying Guide. The Carpenter Steel Stainless Pape 


Company, Alloy Tube Division, Union, N. J. 
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GAS LINE LIKE NEW AFTER 27 YEARS! 


Bitumastic coal-tar enameled pipe to be re-used 


In relocating its line to make way for a new 
highway near Truro, Iowa, the Natural Gas 
Pipeline Company of America removed some 
900 feet of Bitumastic® enameled pipe laid in 
1930. According to Mr. D. C. Allen, District 
Superintendent, this 24-inch seamless steel tub- 
ing is in such good condition that it will be re- 
conditioned and used again as new pipe. 
Applied by the rolling and ‘‘granny-rag’’ 
method in 1930, the Bitumastic XXH Enamel 
on this line was in excellent condition. The 
asbestos-felt overwrap, originally applied loose, 
was torn from soil stresses, but the Bitumastic 
enamel coating showed no serious disbonding 
or deterioration. At the time of relocation, the 
section had been under cathodic protection for 


y 
KOPPERS 
\ W 


two years. Natural Gas Pipeline Company of 
America records show no corrosion leaks on this 
section during the entire 27-year period under- 
ground. 

Case histories such as this from prominent 
pipeline companies prove the unmatched pro- 
tective ability of coal-tar enamel. In these days 
of rising material costs, you can’t afford to 
gamble your entire pipeline investment on a 
less effective coating. 

Your Koppers representative will be glad to 
give you full information on the superior pro- 
tection of Bitumastic coal-tar enamels. Koppers 
District Offices: Boston, Chicago, Los Angeles, 
New York, Pittsburgh, and Woodward (Bir- 


mingham), Alabama. 


BITUMASTIC 


REG, U.S, PAT, OFF, 


PROTECTIVE COATINGS 









THE ATIONAL ASSOCIATION OF 
CORROSION ENGINEERS 









is a non-profit, scientific and research association of individuals 






and companies concerned with corrosion or interested in it, whose 






objects are: 







(a) To promote the prevention of corrosion, thereby curtailing economic 






waste and conserving natural resources. 





(b) To provide forums and media through which experiences with corro- 
sion and its prevention may be reported, discussed and published for 






the common good. 






(c) To encourage special study and research to determine the fundamental 
causes of corrosion, and to develop new or improved techniques for 
its prevention. 







(d) To correlate study and research on corrosion problems among technical 





associations to reduce duplication and increase efficiency. 





(e) To promote standardization of terminology, techniques, equipment and 
design in corrosion control. 







({) To contribute to industrial and public safety by promoting the preven- 
tion of corrosion as a cause of accidents. 





To foster cooperation between individual operators of metallic plant 





and structures in the joint solution of common corrosion problems. 







(h) To invite a wide diversity of memberships, thereby insuring reciprocal 






benefits between industries and governmental groups as well as between 
individuals and corporations. 








It is an incorporated association without capital stock, chartered under 





the laws of Texas. Its affairs are governed by a Board of Directors, elected 






by the general membership. Officers and elected directors are nominated by 






a nominating committee in accordance with the articles of organization. 
Election is by the membership. 







Inquiries regarding membership, and all general correspondence should 






be directed to the Executive Secretary at the administrative headquarters of 
the National Association of Corrosion Engineers at 1061 M & M Building, 
No. 1 Main Street, Houston 2, Texas. 
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The Motor Coach and Aluminum 


Introduction 
HE MOTOR Coach Industry 


presents an enviable testimonial for 
the use of aluminum in transportation 
vehicles. The first all-aluminum body 
was constructed in the year 1930. Thus, 
the transportation industry has _ had 
more than a quarter century in which 
to field-test aluminum for corrosion re- 
sistance. As other road type vehicles 
move into an expanded usage of alu- 
minum, it might be well for these manu- 
facturers to cast a glance at the old 
pros for a few hints. 

The modern coach utilizes aluminum 
as its primary metal of construction. 
Aluminum accounts for 50 percent of 
the total body weight and 23 percent 
of the overall vehicle weight. This rep- 
resents some 4500 pounds of aluminum 
per vehicle. The use of aluminum was 
first initiated as a dollar and cents 
proposition. In order to be _ licensed 
a coach is restricted to a loaded weight 
of 18,000 pounds per axle. The use of a 
light metal enables a larger coach to 
be built which will accommodate more 
passengers, 


Durability Requirements 


Durability and corrosion resistance 
are musts in coach construction. City 
coaches are built with an expected mini- 
mum life of ten years. This represents 
close to one-half million road miles. 
Inter-city coaches are expected to give 
a fifteen year life and about two and 
one-half million road miles. In each 
year of service, coaches are exposed 
to the full gamut of variable weather 
conditions and corrosive city air con- 
taminants, Although high humidity con- 
ditions are properly controlled by air 
conditioning on the interior, a highly 
moistened air is available to some of 
the interior metals. Under such adverse 
exposure conditions, it is understandable 
that metals must be used that represent 
maximum corrosion resistance. 

The excellent corrosion resistance re- 
ceived from aluminum in coach con- 
struction is based upon experience and 
the proper application of corrosion 
fundamentals. This approach has lead to 
* Research Staff, General 
troit, Michigan. 


Motors Corp., De- 


By LEONARD C. ROWE* 


an expert choice of alloys and adequate 
protective treatments. Type 5052 alu- 
minum sheet is used for body and roof 
panels. Type 6062 and 6063 extrusions 
are used in cross members where struc- 
tural strength and appearance are de- 
sired. Many cast aluminum alloys are 
used in other coach components, de- 
pending upon the desired characteristics 
and treatment. Aluminum has even been 
used for front and rear bumpers of 
inter-city coaches for some ten years. 


Corrosion Problems 


Aluminum has not always registered 
complete corrosion resistance. A typical 
problem was the persistent corrosion 
that was experienced in the use of cast 
aluminum water outlet manifolds bolted 
to cast iron cylinder heads. Figure 1 
shows the extent of corrosion of an 
aluminum manifold after 130,000 miles. 
A pitting type of corrosion occurred at 
the intake ports. Corrosion progressed 
sufficiently at ports 1 and 6 to cause 
leakage through the bolt holes. 


. “Eo Ty 


Figure 1—Advanced corrosion of cast aluminum water outlet manifold used with cast iron cylinder head. 
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Field tests were conducted in an at- 
tempt to stifle the corrosion. Preven- 
tives consisted of the use of specific 
coatings for aluminum and the con- 
trolled use of soluble oil as an inhibitor 
in the coolant. It was found that the 
soluble oil inhibitor eliminated the cor- 
rosion problem to the extent that oper- 
ators could get satisfactory life from the 
coach without extensive overhauling 
and replacement of parts. 

\ more recent move is the complete 
use of aluminum for both manifolds 
and cylinder heads. This has alleviated 
the galvanic cell between the cast iron 
and aluminum, thus going directly to 
the seat of the trouble. 

The continual willingness of the 


motor coach industry to take a problem 
and successfully make corrective meas- 
ures has enabled them to make greater 
use of aluminum metal. In most cases, 
however, protective measures have been 
taken before trouble occurs. Where 
bright aluminum is desired, it is ano- 
dized. Surfaces to be painted receive 
a proprietary phosphate treatment fol- 
lowed by a zinc chromate primer and 
an enamel finish coat. The rigors of 
galvanic corrosion are avoided whenever 
possible although aluminum and _ stain- 
less steel have been used together with- 
out noticeable effect. The junctures be- 
tween aluminum and plain steel have 
given trouble when only a prime coat 
was used on the steel. This was rem- 
edied by giving a more protective 
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coating to the cathodic metal (steel in 
this case.) A zine chromate caulking 
compound is used between aluminum 
panels and steel body posts. In a few 
cases, such as the battery carrier, the 
natural resistance of aluminum to _ bat- 
tery acid has proven satisfactory and 
more economical than using acid-proof 
coatings over other metals. 

The manufacturer can provide the 
basic know-how of construction and 
protection, but experience has taught 
that the operator must practice good 
maintenance procedure. A well drained 
and clean understructure is a simple 
deterent to extensive underbody corro- 
sion. A clean coach means not only a 
better appearing one but also extended 
life through less corrosion. 
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Cathodic Protection of Lead Cable Sheath 


In the Presence of Alkali from Deicing Salts” 


By WALTER H. BRUCKNER and W. W. LICHTENBERGER 


Introduction 

HE CORROSION and failure of 

lead cable sheathing in an environ- 
ment of deicing salts and under cathodic 
protection conditions is sufficiently well 
known to the power and communica- 
tions industries to make welcome any 
advance in controls to prevent such 
failures. A previous paper on this sub- 
ject by Bruckner and Wainwright’ gave 
data showing that lead cable sheath 
could be completely protected cathodi- 
cally at sufficiently high potential with 
a constant current source even in the 
presence of high pH and salt concen- 
tration. It also was indicated in the 
paper cited above that the corrosion 
experienced in service in the cathodic 
protection of lead was due only to fail- 
ure to provide adequate and continuous 
cathodic protection. It remained then to 
determine under what conditions this 
level of cathodic protection could be 
provided in the varied service environ- 
ment of lead cable sheath. 

This paper presents the results of a 
study of lead cathodes in contact with 
electrolytes such as might be found in 
heavily salted duct or soil areas due 
to high concentration of deicing salt. 
The relationship of the potential of lead 
to salt concentration and to the high 
pH established as a consequence ot 
cathodic protection and presence of salt 
were the prime objects of the research 
program. 


Experimental Procedure 

It was considered desirable to estab- 
lish initially the relationship of salt con- 
centration to the potential of a lead 
cathode at various current densities. 
Accordingly, cells were arranged to have 
a section of %-inch OD lead sheathed 
ground cable act as cathode in an elec- 
trolyte of aqueous salt solution; the 
cells also were provided with a number 
of graphite anodes concentric with the 
cathode. The glass jars used for the 
cells were about 9 inches ID and 12 
inches high. A series of tests was made 
with NaCl in the electrolyte in the fol- 
lowing concentrations: 100, 1,000, 10,000 
and 50,000 ppm. Another series of tests 
was made with CaCl, in the same con- 
centrations. 

First of all, static potentials in the 
salt solutions were determined using a 
Piontelli-type probe pressed against the 
lead cathode. A constant current was 
introduced into the cell to make the 
cathode negative with respect to the 
solution, and the cathode potential ver- 
sus time was recorded automatically on 
a Leeds and Northrup recorder over 
a 24 hour period. Upon terminating the 
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test the cathode was removed from the 
cell and the surface cleaned by immer- 
sion in chloracetic acid. After the cleaned 
surface was thoroughly. washed with 
water, the cathode was replaced in the 
electrolyte for a redetermination of the 
Static potential. When the static poten- 
tial was the same as that obtained at 
the start of the previous run, current 
Was again introduced into the cell at 
a higher current density than for the 
previous run. 

The above tests were made in se- 
quence at current densities of 1, 2, 5, 
10, 20, 30, 40, 50, 75 and 100 ma per 
square foot. The data taken from the 
recorder chart provided a large number 
of curves for the relationship of poten- 
tial to salt concentration and current 
density. Assembly of the data indicated 
no trend characteristic of anion, cation 
or salt concentration used in the polari- 
zation experiments, Furthermore, major 
inconsistencies were found in the data 


with respect to salt concentration as 
will be shown later in the section on 
data obtained. The only consistency 


which was obvious from the curves was 
that between 20 and 30 ma/ft’ a dis- 
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Abstract 


It had been shown previously that 
complete protection of sheath could 
be effected in a constant current sys- 
tem even in the presence of high salt 
content and pH. The relationship of 
protective potentials to pH and _ salt 
concentration has now been established 
for commercial lead sheath alloy 
composition and is shown to be sub- 
stantially the same as given in the 
Pourbaix diagram for pure lead. 

The use of a potential gradient for 
lead cathodes was developed to provide 
simulated duct tests. The data from 
the gradient tests provided information 
on the effects of salt concentration, 
pH and potential on the corrosion 
behaviorism of lead when fully im- 
mersed and partially immersed. The 
criteria for effective cathodic protec- 
tion are shown to be different for 
the portions of the lead cathode below, 
at and above the water line. The most 
severe corrosion conditions at the air- 
solution interface require a more nega- 
tive voltage for protection than below 
the interface. The distribution of 
potential along the gradient as a func- 
tion of salt content, type of salt and 
current input to the cell shows some 
important aspects to be considered in 
the field as_ possible regions of cor- 
rosion hazard. 7.7 


continuous decrease in potential (more 
negative) regardless of the type of salt 
or concentration was in evidence. 

The results of the initial polarization 
tests indicated that the potential estab- 
lished by a cathodic protection system 
on lead-sheathed cable operating in a 
salt electrolyte is governed by the pH 
established at the cathode surface at 
a definite current density. The next 
objective was to obtain polarization data 
on lead cathodes under conditions of 


known and constant pH at the lead 
surface. It was considered possible 
under the above conditions to check 


the polarization diagram for pure lead 
established by Delahay, Pourbaix and 
Van Rysselberghe.* The ultimate objec- 
tive in making the check with the pub- 
lished polarization diagram for pure 
lead was to find how closely the rela- 
tionship of potential to corrosion be- 
havior of pure lead followed that for 
the alloys of lead used for power cable 
sheathing. 

The potential pH tests were made 
in a specially constructed miniature cell 
which permitted the use of lead foil for 
the anode and cathode elements. The 
foil was rolled to a thickness of 0.005- 
inch from sections taken from a 1%-inch 
OD lead cable sheath. The use of lead 
foil made it possible to have a standard, 
reproducible surface for the cathodic 
potential measurements. Moreover, re- 
placement of an electrode merely in- 
volved removing a small section of foil 
and replacing with a new section. An 
expanded view of the cell structure is 
shown in Figure 1. In operation the 
cell had the appearance shown in Figure 
2, which shows the Piontelli-type probe 
at the right side next to the cathode. 

The electrolyte used was made by 
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Figure 3—Polarization of lead in CaCl solution 


(10,000 ppm). 


adding enough NaOH tto a solution of 
100 ppm NaCl in demineralized water 
to give the initial pH desired. It was 
considered that two different polariza- 
tion tests (i.e., one with a pH of about 
8.5 and another at a pH of about 12.6), 
would be sufficient to determine tenta- 
tively the applicability of the ‘Pourbaix 
curves” of pure lead to the corrosion 
behavior of commercial lead sheath 
alloy. 

In making the polarization tests with 
the miniature cell it was necessary that 
the cathode surface film be constantly 
stirred with a vigorous stream of nitro- 
gen gas bubbles in order to prevent 
an increase in pH at the cathode. It 
was necessary to make the test of short 
duration in order to keep the rise of 
pH of the cell solution to a minimum 
value. When the above precautions 
were observed, remarkably consistent 
data were obtained over a range of cur- 
rent density from 1 to 500 ma _ per 
square foot. The data are presented 
later in the paper. 

A final series of tests was made using 
a different experimental procedure 
known as “gradient testing.” The cath- 
ode was initially a section of lead- 
sheathed ground cable 7-inch OD. The 
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Figure 4—Polarization of lead in NaCl solution at 
75 ma/sq. ft. 
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Figure 5—Cathode polarization of lead in NaCl 
solution. 


section was about four feet long and 
was provided with a soldered copper 
lead wire at one end. “Scotchrap” vinyl 
tape was used on both ends of the cable 
and the lead wire to prevent contact 
with the electrolyte. A 41-inch length 
of the cable surface was exposed as 
cathode when placed in a_ horizontal 
position in a lucite tube cell which, 
itself, was 52 inches long. The ends of 
the lucite tube were closed by means 
of lucite plates cemented in place. Thus 
it was possible to place the cable sec- 
tion in the tube with any desired depth 
of electrolyte. The use of a large amount 
of electrolyte could then provide ca- 
thodic protection under fully immersed 
conditions and reducing the amount 
would provide partial immersion con- 
ditions. 

The purpose in establishing the gradi- 
ent tests was to simulate conditions out 
in the field where either due to heavy 
localized salting or duct position a po- 
tential gradient exists in the cathodic 
protection installation. In order to estab- 
lish a potential gradient in the cells, 
current was brought into the end of 
the cell opposite from that to which 
copper lead wire was attached. This 
was done with a salt bridge which made 
contact at one end with the electrolyte 
in the cell and at the other end with 
the electrolyte contained in a beaker 
placed close to the cell. A lead anode 
placed in the electrolyte contained in the 
beaker completed the circuit. This ar- 
rangement made it possible to apply 
current to the cathode without contami- 
nation of the catholyte with the anolyte. 

The gradient test arrangement also 
made it possible to study the effects of 
salt concentration and polarization on 
current distribution and the effects of 
pH change in relation to level of ca- 
thodic protection. Observations were 
made on the corrosion behavior of the 
cathode in different regions of the po- 
tential gradient. The results of the tests 
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Figure 6—Cathode polarization of lead in CaCl. 


solution. 
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Figure 7—Potential versus current density for 
constant pH. 


and their correlation with the other 
data presented in the paper are given 
in the discussion of results. 


Data Obtained 


The types of data obtained from tests 
at different current densities and salt 
concentrations are shown by the sam- 
ples given in Figure 3 and 4. The curves 
of Figure 3 show the characteristic de- 
crease in absolute potential between 
20 and 30 ma/feet.2 Figure 4 shows 
that no consistent relationship of poten- 
tial and salt concentration is evident. 
The semi-log plots of potential versus 
current density for different concentra- 
tions of salt are given in Figures 5 
and 6. The latter curves show either one 
or two discontinuities per curve for 
which no consistent relationship can be 
discovered either with salt concentration 
or current density. 

The data obtained from the two series 
of tests at constant pH are given in 
Tables 1 and 2 in the curves of Figure 
7. The tables show that the potentials 
at different current densities were es- 
tablished at reasonably constant values 
of pH. The curves show values of static 
potential and potential-current density 
values which are consistent with the 
known corrosion behavior of lead, The 
relationship of the data for constant pH 
to the values of the Pourbaix curve in 
the literature is discussed later in the 
paper. 

A considerable amount of data have 
been assembled in the gradient tests to 
show the effects of operation of a ca- 
thodic protection system on lead cable 
in different salt and pH environment 
and under conditions of minimum and 
excessive current densities. The effects 
of salt concentration at low current 
density can be seen most clearly in the 
curves of Figures 8, 9, and 10. The 
curves show the potential-time relation- 
ship for three different concentrations 
of NaCl. Each separate curve in these 
figures represents a different distance 
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Figure 8—Potential time relationship for gradient 
test cathode with current of 3 ma and 10,000 
ppm NaCl. 














Figure 9—Potential time relationship for gradient 


test cathode with current of ma and 1,000 


ppm NaCl. 


along the gradient from the point where 
current is introduced to the cell. The 
changes in the potential gradient due to 
differing conductivity of electrolyte are 
obvious from inspection of the curves. 
The effect of the potential or current 
density gradient on the pH is not ob- 
vious from the above curves since the 
pH is dependent not only on the cur- 
rent density but also on the speed with 
which the regions of high and low pH 
inter-diffuse along the horizontal lucite 
cell. 


Figures 11, 12, and 13 show the stable 
potential at fixed time intervals over 
the entire distance of the potential grad- 
ient. The three sets of curves are re- 
spectively for salt concentration of 
10,000, 1,000, and 100 ppm, and the time 
interval and pH range have been noted 
for each curve. By reference to the 
Pourbaix diagram for lead it is possible 
to determine the extent of cathodic pro- 
tection provided in each region of the 
gradient. A discussion of the level of 
cathodic protection attained along the 
gradients shown in the above figures 
is given later in the paper. 


Discussion of Data 


The form of the curves in Figure 3 
indicates that for the particular appli- 
cation shown it was possible to estab- 
lish a stable, polarized potential on the 
lead cable sheath at a current density 
between 20 and 30 ma per sq. ft. The 
discontinuity in the curves for current 
densities greater than 30 ma per sq. ft. 
is undoubtedly associated with consid- 
erable evolution of hydrogen from the 
cathode and the consequent increase in 
pH at or near the cathode. The increase 
in the value of the stable, polarized 
potential with increasing current density 
therefore would be expected to be asso- 
ciated with increasing pH at the cath- 
ode. However, the increasing evolu- 
tion of hydrogen at higher current 
density would tend to aid in the dis- 
persal of a film of high pH at the 
cathode and cause it to diffuse to re- 
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Figure 10—Potential time relationship for gradient 
test cathode with eS 3 ma and 100 ppm 
aCl. 
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Figure 11—Potential gradient in cell with 3 ma 
and 10,000 ppm NaCl. 


TABLE 1—Polarization Data of Lead Cable 
Sheath Alloy as Cathode in 100 ppm NaCl 
with NaOH Added to Give pH Values, 
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Figure 12—Potential gradient in cell with 3 ma 
and 10,000 ppm NaCl. 
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Figure 13—Potential gradient in cell with 3 ma 
and 100 ppm NaCl. 


TABLE 2——Polarization Data of Lead Cable 
Sheath Alloy as Cathode in 100 ppm NaCl 
with NaOH Added to Give pH Values, 
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gions more remote from the cathode 
surface. Pourbaix and Van Muylder® 
show that under stagnant conditions 
the pH of the lead cathode film may 
go to values between 11 and 13. But, 
under dynamic conditions the pH is 
lower in relation to the current density 
than for a stagnant test. 


Determination of pH of Cathode Film 


The pH of the cathode film under 
stagnant conditions is difficult if not im- 
possible to determine; thus, Pourbaix 
and Van Muylder arrived at its value 
from dynamic tests. Their method was 


to circulate electrolytes of successively 
higher pH until the potential was the 
same as that of the cathode film under 
stagnant conditions. 


Since the initial polarization tests made 
with various concentrations of NaCl and 
CaCl, and with different current densi- 
ties gave no indication of the cathode 
film pH corresponding to the potential 
at a definite current density, it was nec- 
essary to use a dynamic system under 
constant, known pH. The dynamic con- 
ditions were established by directing a 
stream of nitrogen bubbles at the lead 
cathode during the tests made in the 
miniature cell and the known pH was 
established as the initial condition of the 
cell electrolyte. The necessity of this 
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Figure 14—Pourbaix diagrams of potential 
(H: = 0.0) versus pH for pure lead. 


technique for determining the potential- 
pH relationship points up the observa- 
tion that under cathodic protection of 
lead cable sheath, the pH of the elec- 
trolyte surrounding the cable need not 
be the same as that of the cathode film. 
In fact, if a colorimetric pH indicator 
is added to the cathodic protection cell 
the color is always more intense at the 
lead cathode than in the bulk of the 
electrolyte. 

The two curves obtained for a con- 
stant pH of 8.8 and 12.6 respectively, 
shown in Figure 7, indicate that the pro- 
tective potentials of —0.30 and —0.59 
volts (absolute) for the respective pH 
value which are predicted by the Pour- 
baix diagram are obtained. In addition, 
the potential at which molecular hydro- 
gen is discharged from the surface of 
the lead cathode at these pH values is 
—0).58 and —0.79 volts (absolute) as 
predicted from the Pourbaix curve, 
which is reproduced in Figure 14. It is 
seen from the curves that these values 
correspond to the most rapid rate of 
change of the slopes of the two curves. 

It is apparent from the above data 
that the Pourbaix diagram for pure lead 
is most useful in predicting the poten- 
tial required to establish an equilibrium 
relation between the lead surface and 
its environment at any pH. If the pre- 
dicted potential is established and main- 
tained without a change in the pH of 
the environment, a lead cathode uni- 
formly so protected should provide a 
permanent installation free from any 
probability of failure. The Pourbaix dia- 
gram indicates that the only way for 
such a system to suffer corrosion dam- 
age would be to increase the pH, poten- 
tial remaining constant, or to decrease 
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Figure 15—Schematic illustration of gradient test cell. 


the potential, pH remaining constant. 
Both of the above possibilities could 
exist in service where potential gradi- 
ents are found on the cathodically pro- 
tected lead cable sheath. In the gradient, 
the region of high potential may be 
adequately protected, but due to the high 
current density a rapid build up of alka- 
line products is occasioned. 

If there is little chance for diffusion 
away from the high current density 
areas the pH may build up to such 
high values that the established poten- 
tial is no longer protective. If consider- 
able diffusion occurs the high current 
density area may remain at sufficiently 
low pH to give protection; however, the 
diffusion of alkaline products to regions 
of lower potential in the potential gradi- 
ent may give rise to corrosion problems. 


Gradient Tests 

The gradient tests were initiated to 
survey some of the above problems as 
they might be presented in service. The 


potential gradient established in service 


may be a function of a number of vari- 
ables including relative position of 
anodes with respect to the cathode, duct 
joints, soil resistance, current, and salt 
type and content in the electrolyte 
surrounding the cathode. A systematic 
survey of the many variables was ini- 
tiated by use of a constant length of 
lead cathode, a constant current, and by 
varying the salt concentration and type 
of the electrolyte. The gradient test 
design has gone through a series of 
evolutionary changes and is now being 
carried out in the manner shown sche- 
matically in Figure 15. 

Figure 15 shows the salt bridge at 
point A at the end of the long cell op- 
posite to point B at which the current 
is brought out of the cathode. The cath- 
ode is about 40 inches long, 134 inches 
wide and 0.010 inches thick. As shown 
in Figure 15 the lead foil used as cath- 
ode is placed in the cell with the 134 
inch width vertically disposed and im- 
mersed to half its depth in the cell elec- 
trolyte. It is seen that in such a cell 
the protective potential and current den- 
sity will be a maximum at point A and 
will decrease to a minium value at B. 
The level of cathodic protection at any 
part of the cathode in such a cell will 
be dependent upon the pH and the po- 
tential established at any point. Close 


observation of many such cells during 
initial polarization and subsequent oper- 
ation for periods of several months in- 
dicates that the potential gradient be- 
comes stabilized in a period of one or 
two days of operation. It indicates also 
that the pH rises to a maximum value 
in two days and becomes uniform 
throughout the length of the cell if the 
concentration of calcium ions in the elec- 
trolyte is at a low level. 

Periodic observations are made of the 
potentials at various points of the cath- 
ode between points A and B; pH meas- 
urements also are made, and the cath- 
odes are removed from the cells at 
intervals of two weeks to inspect them 
for the progress of any corrosion or 
pitting behavior in the areas below, at, 
and above the water line of the cell elec- 
trolyte. The relationship of any observed 
corrosion or pitting to the potential and 
pH can be determined by reference to 
the gradient measured. 

At the time this paper was written 
(i.e, in June, 1957) there were seven 
gradient tests underway in the labora- 
tory. Three of the cells operated with 
a current of 3 ma and with an elec- 
trolyte of NaCl in demineralized water. 
The pH of such cells became stabilized 
at around 9.5 with only slight variation 
along the cell length. The three above 
cells operated with different concentra- 
tions of NaCl in the range of 100, and 
1,000, and 10,000 ppm. 

Three other cells operated under the 
same conditions, except with CaCl, in 
the same concentration range. For the 
latter cells the pH tends to be higher 
at the high current density region of 
the gradient. Precipitation of basic cal- 
cium salts in the region of high pH 
prevents the diffusion of OH ions to the 
low potential region of the gradient. The 
gradient of pH from point A to B of 
the cell is a function of the concentration 
of calcium ions in the electrolyte; thus 
the behavior of a cathodic protection 
system in service also would be ex- 
pected to depend upon both the type 
and concentration of the ions in the 
electrolyte. 


Colored Corrosion Products 


The seventh cell used was the same 
as the six previously described except 
that the electrolyte was a mixture of 
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TABLE 3—Expected Behavior of Lead Sheath Cathodically Protected Under a Potential 
Gradient.* 


| 


pH 
Established 
in Duct 


Current 
Input 


Low 
E Ow ‘High 


Hehe Daw 


_CATHODIC PROTECTION CONDITIONS 


Remote from Current 
Entry Region 


At Current | 
Entry Region | 


ction 4 Slight corrosion tendency 


ve overprotection WMediuin to severe corrosion 


| Uniform current distribution and possibly complete pro- 


tection along gradient or slight general corrosion 


High High | High 
| Initially low, Low High 
then high 


Initially low, | High High 
then high | | 
| 


\Initially high, Low 
then low | 
' 


|Initially high, | High 


| Excessiv ay overprotected 


Sligh general corrosion dur- | 
ing 
complete protection dur- | 
ing high current input. 


| Complete protection pos- | 
then low | sible 
| 


| U niform cathodic protection 1 Ur niform cathodic protection 


| 


| Slight corrosion darig: low 
current input; severe cor- 
rosion during high current 
input. 


Slight eeneral corrosion a duc: 
low current input, | ing low current input; 
complete protection dur- 
ing high current input. 


Complete protection pos- | 
sible 
overprotection also pos- | 


Severe corrosion possible. 
with considerable 


Complete protection possible 
slight corrosion also p ossible 


* It is samme that the cable ~~ ath isina deat system with 1 minor soil or silt access wee that it is fully 


mmersed in duct solution. 


6,000 ppm of CaChk and 4,000 ppm NaCl 
n demineralized water and the current 
input to the cell was 40 ma. It repre- 
sents an extreme of the service condi- 
ions of high salt concentration and 
excessive current density. The high cur- 
rent input caused the pH to go to a 
maximum value of 12.4 in this cell, and 
is a consequence a portion of the lead 
cathode strip above the water line de- 
veloped the colored corrosion products 
which have become associated in the 
held with the so-called term “cathodic 
corrosion.” This is not cathodic corro- 
sion, however, but rather ordinary cor- 
rosion in an electrolyte which has been 
made highly alkaline by the large cur- 
rent. The cathodic protection system 
does not furnish adequate current to the 
meniscus region at and above the water 
line. Thus, the situation predicted by 
the Pourbaix diagram is obtained in 
which the lead surface is in equilibrium 


with PbO and HPbO. ions at pH 
values greater than about 9.5. 


The appearance of and the type of 
the colored corrosion product on the 
lead cathode is not only a function of 
the pH but is dependent upon the po- 
tential as well. The appearance after 
three months operation of the lead 
cathode strip placed in this cell is shown 
schematically in Figure 16. It is seen 
that the colored corrosion products ex- 
tend to a distance of 21 inches from the 
point of maximum current density. At 
the 21 inch distance the potential of the 
portion of the cathode below the water- 
line was about —0.60 volt (H: = 0) after 
the cell had been in operation for three 
months, It also must be noted that the 
formation of a colored corrosion film 
at and above the water line at this high- 
current cell does not appear to consti- 
tute a serious corrosion hazard under 
constant current conditions. The water- 
line corrosion film appears to be stable 
and does not thicken. It thus appears 
to be stable film representative of a pas- 
sivation condition rather than progres- 
sive corrosion. 

The most serious corrosion hazard at 
the water line was found in one gradient 
test with an input of 3 ma, which at 
this current level would attain a uniform 
pH of about 9.5 ina NaCl solution. The 


cell solution was maintained, however, at 
a pH of 12.5 by the addition of NaOH. 
Under these conditions the low conduc- 
tivity of the 100 ppm NaCl solution 
permitted a large portion of the 40 inch- 
long lead cathode to operate at a lower 
potential than required for full protec- 
tion according to the Pourbaix diagram 
for this value of pH. In two months of 
operation the cathode developed a large 
number of pinholes at the water line 
which completely penetrated the sheet. 
The pinholes were found to be absent 
from the waterline area in the part of 
the cathode strip having the higher cur- 
rent density, for which the potential of 
the submerged part of the cathode was 
more negative than —0.53 volt (H: = 0). 
The rate of penetration by pinholing was 
so rapid that when translated into ser- 
vice life of actual cable sheath having 
a minimum of 0.150 inch wall thickness, 
it represented a life of less than five 
years, 

From the results of the gradient tests 
it was possible to make some general 
observations on the probable behavior 
of lead sheathed cable in a_ cathodic 
protection system. These observations 
are given in Table 3 on the assumption 
that the sheath is fully immersed in duct 
solution. For conditions of partial im- 
mersion the water line attack could be 
expected to be many times more severe 
than as suggested in the table. The 
assumption of minor soil or silt contact 
as one condition upon which Table 3 
was based is a consequence of the test 
conditions so far investigated. Tests are 
in prospect to determine the effects of 
soil contact. with a lead cathode in a 
gradient system. The author’s previous 
paper indicated that crusting of sheath 
due to soil contact could produce severe 
corrosion loss upon cessation of cathodic 
protection. The projected soil contact 
tests will indicate the effects of crusting 
during continuous cathodic protection. 


Effect of Low Salt Content and High pH 

Table 3 shows the greatest corrosion 
hazard to exist in a gradient system with 
low salt content and high pH produced 
either by local high current density or 
by intermittent, high current. It would 
appear from the table that high salt 
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Figure 16—Schematic illustration of specimen from 
gradient test with 40 ma and 12.5 pH. 


content of the sheath environment is 
an advantage. In the opinion of the 
authors it would be an advantage if 
cathodic protection in service could be 
based on constant and sufficient current, 
constant water level to give full immer- 
sion, and if no silt or soil were present 
to form crusts. In an excavation in 
Chicago to investigate condition of 
buried cable sheath, one cable was found 
to have a heavy accumulation of salt but 
was not corroded since the concentra- 
tion of salt was able to maintain suffi- 
cient current to give complete protection. 
The table shows that high salt con- 
centration and high current do not con- 
stitute a corrosion hazard as long as 
these conditions are maintained. Even 
with sheath partially immersed in duct 
solution there is little corrosion hazard 
although a red-colored corrosion film 
forms above the water line. The red- 
colored film on a cathodically protected 
lead sheath is considered by the authors 
merely to be a “tell-tale” which indicates 
that the system is operating at a high 
pH. If the current to such a system were 
to decrease or cease altogether, failure 
due to corrosion would be most likely 
to occur in the regions having the 
colored film because of the high pH. 


Summary 

In has been shown that the pH estab- 
lished by the current input to a cathodi- 
cally protected lead sheath is a major 
factor in determining the requirements 
for its protection. 

It has been shown that the Pourbaix 
diagram is a reliable guide for deter- 
mining the required potential for cath- 
odie protection of lead sheathed cable 
under any pH which may be established 
in service. 

It has been shown that the water line 
region of partially submerged lead cable 
sheath can be subject to severe and rapid 
failure in an environment of high pH 
while the sheath is theoretically under 
cathodic protection. At a pH of 12.5 it 
is necessary to establish a potential on 
the submerged portion of the sheath 
more negative than —0.53 volt (Hz = 0) 
in order to obtain a service life on 0.150- 
inch thick lead sheath greater than five 
years. The Pourbaix diagram at 12.4 
pH indicates a potential of about —0.62 
volt (H: = 0) required for complete pro- 
tection in the submerged portion of the 
cable. Thus more data are required to 
establish a more precise relationship 
between pH, protection potentials, and 
service life. 

The concentration of salt in the en- 
vironment of cathodically protected lead 
cable sheath may be an important factor 
in extending its service life. The distri- 
bution of cathodic protection current to 
the sheath is directly affected by the salt 
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concentration, The lower the salt con- 
tent the greater the non-uniformity of 
current distribution and the greater the 
probability of failure at port.ons of the 
sheath remote from points in the system 
where current enters. 

The above conclusion will no doubt 
startle many individuals who have had 
the responsibility of maintaining power 
and communication cable in heavily 
salted areas. High salt content has in 
the past been associated with so-called 
“cathodic corrosion” and early failure. 
The decreased resistivity of the earth 
due to salt content does cause greater 
amounts of current to exist in the cath- 
odic protection system, but unless the 
high salt content is uniformly distributed 
in the immediate environment of the 
protected sheath, the current will be 
concentrated mainly at the points of 
entry. Since it has been shown in the 
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gradient tests that the high pH estab- 
lished by high current input is dis- 
tributed throughout the system and that 
current distribution is a function of the 
salt content or conductivity, it will be 
seen that the distribution of salt in the 
entire cathodic protection system deter- 
mines both the corrosion environment 
and the level of cathodic protection. 
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Nature of Field Measurements 
— OF metals in soil or 


water is an electro-chemical proc- 
ess. The corrosion or metal loss can be 
related to the direct current discharged 
from the metal surface at the metal/ 
electrolyte junction. A scientific value 
known as the electra-chemical equiva- 
lent establishes the relationship between 
metal loss and current discharge. There- 
fore, a theoretical basis exists for cal- 
culation of metal loss from current, volt- 
age and resistance measurements 
Cli /rey. 

Field corrosion investigations usually 
involve complex corrosion cells, heter- 
ogeneous environments and_ structures 
of relatively large physical dimensions. 
Innumerable anode-cathode combina- 
tions and configurations are possible. 
As a result, the circuit components in- 
volved in corrosion of many metallic 
surfaces are not readily definable and, 
most often, cannot be isolated. There- 
fore, any attempt to determine exact 
current densities and specific corrosion 
penetration rates would often involve 
measurements and techniques of a lab- 
oratory nature. In field investigations, 
practical limitations usually preclude 
such elaborate techniques. 

The presence, absence, and relative 
severity of corrosion characteristics 
within a system can be determined by 
feasible field measurements. This infor- 
mation has practical application in 
corrosion control and is the usual ob- 
jective of field investigations, This 
objective can be achieved by exploratory 
electrical measurements and interpreta- 
tion of the resulting data, Both measure- 
ments and interpretation are based on 
knowledge of a simple corrosion cell 
and the measurable symptoms which 
such a cell exhibits, 

Potential differences exist or develop 
on the surface (metal/electrolyte junc- 
tion) of most structural metals when 
they are immersed in an electrolyte such 
as soil or water. These potential differ- 
ences produce a battery action and 
current flow results. This action is illus- 
trated schematically in Figure 1 (typical 
pipe line corrosion cell), 

Corrosion takes place where the me- 
tallic ions are discharged from the 
metallic surface at the metal/electrolyte 
junction (anodic area). In conjunction 
with this action, ions from the elec- 
trolyte are accepted or transformed at 
adjacent or remote metallic surfaces that 
are less electronegative (cathodic area). 
The similarity between the corrosion 
process and battery action is apparent in 
Figures 1 and 2. Note that a metallic 
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circuit (base metal of pipe wall) and 
an electrolytic circuit exist. In the me- 
tallic circuit, the energy transfer involves 
electron flow. (In the corrosion cell, the 
base metal of the structure provides the 
metallic path.) In the electrolytic cir- 
cuit, the energy transfer is accompanied 
by ion migration toward, and ion reac- 
tions at the metal surfaces. 

From Figure 1, it can be deduced 
that DC potential gradients exist in 
the electrolytic and metallic circuit in 
conjunction with direct current flow. 
These electrical effects are related 
to the responsible anodes and cathodes. 
Thus exploratory measurements which 
reveal magnitude and polarity of poten- 
tial gradients or current flow in 

(1) The electrolytic circuit 

(2) The metallic circuit 

(3) Between the electrolytic and me- 

tallic circuit 
can be interpreted in terms of corro- 
sion, 


Measurement Techniques 


Since field investigations are of an 
exploratory nature, the procedure to be 
employed varies with the specific con- 
ditions and objectives involved. The 
approach best suited to those condi- 
tions remains the prerogative of the 
Corrosion Engineer. Being a product 
of judgment, ingenuity and experience, 
field investigations are not rigid pro- 
cedures. However, a general pattern 
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Abstract 


Electrical measurements are commonly 
employed to investigate the corrosion 
characteristics of structural metal sys- 
tems in soil or water. Basic concepts 
applicable to field corrosion investiga- 
tions of this type are presented. 

The general nature of field measure- 
ments is discussed. Pertinent character- 
istics of a simple corrosion cell are re- 
viewed. Practical aspects of typical 
field measurement techniques such as 
IR drop, surface potential, pipe to soil 
potential and resistivity are considered. 

A Fundamental Corrosion Circuit 
Reference Diagram is presented for 
use in relating electrical field measure- 
ments to corrosion characteristics. 

4.5.3 


is discernible in the measurement tech- 
niques commonly employed. This pat- 
tern consists primarily of conventional 
electrical measurements which have 
been adapted to meet field requirements. 
Familiarity with conventional electrical 
measurement techniques is essential and 
is assumed throughout. 

In conventional electrical measure- 
ment, circuit characteristics can be ex- 
plored by metallic probes connected to 
a suitable measuring instrument. The 
same probe principle is employed in 
exploring the corrosion circuit. How- 
ever, special probes are employed in 
the electrolytic portion of the circuit. 


IR Drop Measurements 


_From Figure 1, it is apparent that the 
direct current resulting from activity of 
the corrosion cell flows through the con- 





——_ 
CATMOOIC AREA 





Figure 1—Positive to negative potential gradient in 
a typical pipe line corrosion cell. 





Figure 2—Basic battery circuit. 
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Figure 3—Typical pipe to soil potential measurement. 
tinuous metallic path available in the base 
metal of the structure. Therefore, the 
polarity and magnitude of potential meas- 
urements between the points in the con- Am 
tinuous conductor will indicate the direc- c 
tion (polarity) and strength of current she 
flow present (an IR relationship). sss wistsatsctassccs eB BENE LSe=ke curt 
Metallic probes contacting the base wr 
metal of the conductor are employed in ‘ ; ee 
Be ‘ : 7 cee a Figure 4—Hydraulic analogy—reference electrode. con 
this measurement (see Figure 2, Probes wie 
: s 
3 and 4). When metallic probes are used dive 
in this manner, it is the intent to investi- divs 
gate potential gradients within the me- measurements of this type is valuable in tential level to which other potentials are ied 
tallic conductor, Junction potentials be- indicating “hot spots” by soil to soil po- compared. typ 
tween the conductor surface and the tential measurements (sometimes referred By hydraulic analogy, Figure 4 illus- tel 
electrolyte do not contribute directly to to as “surface potential” surveys), in in- trates this reference principle and the vari- mea 
the potential difference measured. vestigating stray currents in the electro- ations resulting where different reference 
Phy ical limitations involved usually lyte, interference and other situations levels are employed. Typical reference 
preclude investigation of “local cells” in where a knowledge of the potential gradi- — Jeyels employed in other energy system 
this manner. However, the IR drop meas- ent in the electrolyte is useful. Again, would be 110 volts to “ground,” gas pres- t 
urement is often useful in evaluating di- magnitude and polarity have significance sures compared to the “atmosphere.” ‘al 
rect currents of a long line nature or of on the basis of Figures 1 and 2. The TI : iat ak ee eae seal eke 
appreciable magnitude as, for example, measurement is illustrated by Probes 1 sialel 4c ota imerad anukee ae a disc 
impressed currents of cathodic protection, and 2 of Figure 2. Basically, the two elec-  {% ndbpceanggi alters ir ye ar Mest? cunt 
stray aurrents. anodic and cathodic. areas sac be adil Shaan ie ce att Loedoti. trical pressure of a standard half cell used ure 
ray currents, anodic and cathodic area trode measurement is also an electrolytic 6 1 
“toni: agin smgacainiae ie. Cleans ; es ee as a reference electrode. Thus, the alge- ure 
laving appreciable separation, ete. (Where IR drop measurement. Thus, the two elec- braic differences between separate struc 1 
the resistance between probed points is trode method is useful in exploring the E - ae a ee Nov 
\ a ae aed nant Mined é re eee : f ture to reference electrode potential meas- and 
KNOWN, the value ot current can be calcu- electrolytic circuit tor corrosion symp- urements reflected the tential diff ; ‘ 
lated from EIR). Thus, the metallic — toms. CSHEERE FERECIEG THE POSER! Ceereiee dias 
circuit alone can often be explored by IR rs the portions ol the circuit in- EB « 
drop measurements for symptoms. char- Structure to Electrolyte Potential (Pipe cluded = the Pideinaacaiai’ Seee. a 
acteristic of the corrosion process. to Soil Potential) Previously, it was mentioned that the onl 
When tl tential difference between  ™easurement objective here is to explore to 
re en 1e potential ¢ erence betwee Eas 4 : i pe 
Standard Half Cell ‘ seat. a i acme ako ee an the variations in potentials at various vol 
; a pr » elec rte z : : : : i 
The ee ais tallic robe j he elec- po ‘ e Ag sg 7 I ; points on the surface of the structure. ratl 
1e use of a metallic probe in the elec the metallic circuit is to be investigated, < : ‘ “ee 
lote ia often result i ee 7 : és 2 aes Since these surface potential differences 
trolyte would often result in non-repro the probes suitabe for use in each circuit xist. current flow results ing ch as the Du 
ducible measurements due to the varying are employed (ie. standard half cell in  €X'St) CUFTENT How resulls inasmucly as te ; 
tolvslanicnlete saicts ahaliorihe gee: : : structure in its electrolyte provides a 
metal/electrolyte junction potential of the — electrolyte and metallic probe in metallic donee clecaia foe the hatha ont 2 sate 
probe itself. Therefore, a probe of a more circuit). In general, the purpose of this closed circuit tor the battery action of the cor 
ale matic a6 reanied. A standard halt : 5, , ‘ oe corrosion process. This current flow in dis 
stable nature is required. “A standard halt measurement is to explore potential dif- om 5 iieciiieeds will sentio’ oodlents ‘ 
cell is frequently employed. A standard ferences existing between the electrolyte 9 UT 1S Weniued with porentia’ gradients se 
half cell is an electrode-electrolyte com- : = : in the electrolyte which influence the meas- plo 
all cell 1s an electrode-electrolyte com and various points on the structure sur- ncsisineick: Gealineaniaeas tiie Nt wolete Staek si 
bination that exhibits constant. electro- face. Pipe to soil potentials are measure- urement between the probed points. lere- dia 
chemical characteristics and provides an ments of this type (Figure 3). fore, this reference electrode measurement SVS 
essentially constant and reproducible po- In the theory of the potential gradient also includes the net effect or resultant of 7 
tential. Copper sulfate, calomel and silver — measurements previously discussed, the IR drops as exerted between the probed oe 
chloride electrodes are typical standard — magnitude of the reading was a direct POMS 0! the circuit. — 
electrodes in field use. _ measure of the potential gradient present. 3ecause of this closed circuit operation =) 
_ base metal of the standard half In the case of a structure to electrolyte | between anodes and cathodes on the sur- ee 
i por vag | also can be regarded as potential measurement, however, the mag- face of the structure, it is to be recognized rig 
a metallic probe, The selected electrolyte nitude of the measurement is an indirect that (1) the electrical position of the ret- the 
of the half cell in which this metal probe — measure of the potential gradient of the — erence electrode is significant, (2) IR drop le 
is immersed results in a relatively constant — system being investigated. effects of closed circuit operation pre- Ee 
metal electrolyte potential of the half cell This can be emphasized if the probes clude the probability of true surface po- oes 
ie a system. Thus, such a standard half in the measurement portrayed in Figure 3 tential measurement of either anode or 7 
= is suitable for use as a probe in the are considered as being the base metal of | cathode without elaborate techniques. — 
electro ytte circuit, the electrode and the base metal of the (Zero current flow in the measuring cir- Th 
; ; ; pipe. It is then obvious that two junction cuit is desirable in potential measurements lie 
wo Electrode Measurements (Soil to potentials are exerted between the probes using a reference electrode. Thus, IR drop = 
Soil Potentials) (i.e., the metal/electrolyte junction poten- — effects resulting from the presence of the x 
Theoretically, the potential difference tial of the standard electrode and the half cell reference electrode can be dis- , 
between two standard half cells would be — metal/electrolyte junction of the pipe). counted.) By structure to electrolyte — 
zero. Therefore, any potential difference Other junction potentials, usually of minor measurements, the potential difference be- = 
obtained between two such standard elec- significance, also exist. tween a point in the electrolyte and the prs 
trodes (probes) positioned at two separate The increment contributed by the stand- base metal of the structure can be ex- we 
and distinct points in the electrolyte in- ard half cell is constant by virtue of the plored. These potential differences indicate ure 
dicates the potential difference (polarity constant junction potential it exhibits. the presence and relative severity of ano- we 
and magnitude) between the probed points Therefore, the standard electrode serves dic and cathodic areas. This information tl 
of the electrolytic circuit itself. The poten- as a reference electrode in measurements can, in turn, be related to corrosion char- aa 
tial gradient information provided by of this type by providing a constant po- acteristics of the structure. wi 
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BASIC CONCEPTS AND PRACTICAL ASPECTS OF FIELD CORROSION INVESTIGATION 
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Figure 5—Anode-cathode system. 


limeter Measurements 


Current measurements made directly 
through an ammeter and zero resistance 
current measurement follow conventional 
measuring techniques. In general, they are 
confined to metallic portions of the cor- 
rosion circuit available for insertion of a 
direct current measuring device. They in- 
dicate current strength and polarity. Ba- 
sically, current measurement data of this 
type serve the same function as the DC 
current information indicated in IR drop 
measurements in the metallic circuit. 


Fundamental Corrosion Circuit 
Reference Diagram 

Techniques for investigation of poten- 
tial gradients and current flow have been 
discussed. A fundamental corrosion cir- 
cuit reference diagram is offered in Fig- 
ure 7 to indicate the relationship of meas- 
ured DC potential gradients and current 
flow to the corrosion circuit. Figures 5 
and 6 are used in the evolution of this 
diagram. Since the variations of I, R and 
I. encountered in field corrosion cells are 
innumerable, Figure 7 can be regarded 
only as a schematic diagram which serves 
to illustrate the basic relationships in- 
volved. It is intended to be of practical 
rather than scientific value. 


Diagram Development 

The development of the fundamental 
corrosion circuit reference diagram is 
discussed in detail since measurement 
techniques previously discussed are em- 
ployed. To simplify development of this 
diagram a readily obvious anode-cathode 
system is utilized (i.e., a magnesium anode 
and pipe section). The pipe section is as- 
sumed to be a uniform potential surface 
and local cell action which exists thereon 
is temporarily ignored. The same assump- 
tion is also applied to the anode. This sys- 
tem is illustrated in Figure 5. “A” is 
a theoretical point in the base metal of 
the anode. A’ is a theoretical point in the 
electrolyte of sufficient proximity to the 
point A that IR drop through the electro- 
lvte between the base metal of the anode 
and “A” is negligible. B and B’ are, re- 
spectively, similar points at the cathode. 
This identification of A, A’, B and B’ ap- 
plies throughout Figures 5, 6 and 7. A 
metal/electrolyte junction exists between 
A and A’ and between B and B. Thus, 
a potential difference exists between the 
metal and electrolyte at this junction. The 
presence of the metal electrolyte junc- 
tions are represented schematically in Fig- 
ure 5 by a line or film of exaggerated 
proportions around the anode and cathode. 

It has been pointed out previously that 
the measured difference in potential be- 
tween two balanced reference electrodes 


could be used to determine potential dif- 
ferences in the electrolytic circuit. By 
placing Electrode 1 at A’ (Figure 6) and 
exploring the potential difference with re- 
spect to Electrode 2 as the latter electrode 
is moved progressively toward B,’ a po- 
tential gradient resembling that of Curve 
I could result. Curve I is intended to in- 
dicate the trend of the potential gradient 
from anode to cathode in the electrolytic 
circuit, Thus, the specific shape of the 
curve employed has no exact significance. 

Potential differences in the metallic cir- 
cuit can be determined by placing Probe 
3 at B and measuring the potential dif- 
ference as Probe 4 is moved successively 
toward “A”. A potential gradient resem- 
bling that of Curve II would result. Again, 
Curve II is intended only to indicate the 
trend of the potential gradient to the me- 
tallic circuit. (Some exaggeration of slope 
has been employed for diagram clarity.) 

The relationship between Curve I and 
Curve II can be established by measuring 
the potential difference between the elec- 
trolytic circuit and the metallic circuit. 
Thus, a potential difference between a 
reference electrode at a known point on 
Curve I and the probe at a known point 
on Curve II will fix the potential relation- 
ship of the two curves. The resulting re- 
lationship is presented in Figure 7. 

The potential difference from “A” to 
A’ is composed predominantly of the 
metal/electrolyte junction potential of the 
anode and the reference electrode poten- 
tial increment. Similarly, the potential 
difference from B to B' is composed pre- 
dominantly of the metal/electrolyte junc- 
tion potential of the cathode, the polariza- 
tion potential increment (if any), and the 
reference clectrode increment. (Polariza- 
tion is the production of a new potential 
at the electrode surface by electro-chemi- 
cal action. Polarization can take place at 
either the anode or cathode. Polarization 
at the anode has not been shown here.) 
The constant increment contributed by the 
potential of the reference electrode to all 
the potential differences measured is con- 
stant, as indicated in Figure 7. 

In the electromotive series, the anodic 
or less noble metals are often represented 
as electronegative. Note that, at Point A, 
the prime metal of the magnesium anode 
is electronegative with respect to the ad- 
jacent electrolyte due to the potential de- 
veloped at the metal/electrolyte junction. 
(The cathode is less electronegative. ) 

The net driving potential of the closed 
circuit can be approximated by the alge- 
braic difference between A, A,’ and B, B.' 
This potential is distributed in the elec- 
trolytic and metallic circuits in proportion 
to their respective resistances and electro- 
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Figure 7—Corrosion circuit diagram. 


motive forces. In the corrosion cell, the 
major portion of the circuit resistance 
usually exists in the electrolytic portion of 
the circuit. 

In the interest of simplicity, the anode 
and cathode have been assumed to be uni- 
potential surfaces. This is not actually the 
case since, for example, the surfaces of 
the magnesium anode and the pipe section 
each exhibit individual anodic and cathodic 
properties. In turn, the general relation- 
ships exhibited in the diagram would exist 
between individual anodes and cathodes 
although the anode-cathode proximity 
might defy inspection by usual field tech- 
niques. This illustrates the relative nature 
of the terms anodic and cathodic and 
places emphasis on potential differences. 


Significance and Application 

This fundamental corrosion circuit 
reference diagram is of a practical rather 
than scientific value. It illustrates the re- 
lationship and polarity of some measur- 
able electric symptoms of the corrosion 
cell. Polarity relationships of metallic and 
electrolytic circuits are readily visualized. 
It offers a basis for relating potential 
gradient measurements to the corrosion 
circuit. 

It emphasizes the presence of junction 
potentials, and shows the base metal of 
both anode and cathode as electronegative 
with respect to the electrolyte. It stresses 
the importance of potential differences. In 
reference electrode measurements (pipe 
to soil potentials), the magnitude is use- 
ful primarily in identifying potential dif- 
ferences present. It illustrates that the 
reference electrode functions as a probe. 

The response of the reference electrode 
measurement to increased current result- 
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ing from application of cathodic protec- 
tion is apparent in the following consid- 
erations. An increase in potential difference 
between a reference electrode position and 
the base metal of the cathode would re- 
sult from (1) an increase in potential 
gradient of electrolyte at the cathode due 
to increased current flow toward the ca- 
thode, (2) polarization effects that may 
result from current flow. Thus, the base 
metal becomes more negative with respect 
to the electrolyte. As a result, the magni- 
tude of pipe to soil potentials tends to 
increase when cathodic protection is ap- 
plied. (This also emphasizes the relative 
nature of anodes and cathodes.) 

3y inspection, the practical significance 
of the electrical position of the reference 
electrode with respect to anode and ca- 
thode is apparent. The reference electrode 
measurement usually indicates a value less 
than the anode potential and greater than 
the cathode potential as determined by the 
reference electrode position with respect 
to the potential gradient in the electro- 
lyte. 

The diagram recognizes the application 
of Kirchhoff’s Law to any instantaneous 
condition as the algebraic sum of electro- 
motive forces and voltage drops around 
the closed circuit is zero. (Caution is ad- 
visable in the application of this law 
inasmuch as electro-chemical changes with 
time can occur within the cell.) Although 
the closed circuits of heterogeneous corro- 
sion cells are difficult to identify, recog- 
nition of the implications of this law can 





be helpful in pursuing corrosion investiga- 
tions. 


Resistivity 

The potential differences discussed 
above provide information on the driv- 
ing forces within the corrosion cell. In 
calculating the strength of current flow 
responsible for corrosion, resistance to 
current flow should be considered in 
conjunction with the driving force 
(I= E/R). Resistance can be calcu- 
lated from R = p L/A. (p = specific 
resistivity, L—=conductor length, A= 
cross-sectional area.) Because of the 
heterogeneous nature of corrosion cells, 
L and A are not readily definable. How- 
ever, the specific resistivity of the elec- 
trolyte can be reasonably indicated by 
various field measurement techniques 
(four pin method, soil box, etc.). As a 
direct multiplier in the R = p L/A 
equation, the specific resistivity of the 
electrolyte is a relative indication of cir- 
cuit resistance and electro-chemical cor- 
rosivity of the environment since the 
major portion of the total circuit resis- 
tance is usually in the electrolyte. 

Again, from R= p L/A, it is apparent 
that the circuit resistance is also a func- 
tion of the length of the electro-chemical 
path between anodes and cathodes and 
the cross-sectional area of these paths. 
Thus, anode and cathode areas and the 
effective electrolytic paths between them 
are entitled to consideration wherever 
possible, in a further evaluation of the 
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corrosion interpretations based on re- 
sistance. 
Conclusions 

Field corrosion investigations by elec- 
trical measurement depend upon ex- 
ploration and identification of electrical 
symptoms characteristic of the corro- 
sion process. DC potential gradient, cur- 
rent and resistivity characteristics are 
typical of these symptoms. Conventional 
electrical measurement techniques have 
been adapted to field measurement of 
these characteristics. 

The potential gradient, current and 
resistance relationships of a simple cor- 
rosion cell provide a basis for interpre- 
tation of these field measurements. By 
proper interpretation, the presence, ab- 
sence and relative severity of corrosion 
is indicated. Thus, practical information 
can be obtained in the field by practical 
means. 

The fundamental corrosion circuit 
reference diagram has value in relat- 
ing field measurements to the corrosion 
characteristics of the structure under 
investigation, 

The procedures and criteria to be em- 
ployed in field corrosion investigations 
vary with the technical and practical 
aspects involved. Obviously, the appli- 
cation of knowledge, experience and 
judgment is required in proceeding 
from the basic principles and techniques 
to the optimum procedures and criteria 
applicable to specific corrosion investi- 
gations. 


Any discussions of this article not published above 


will appear in the June, 1958 issue 
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An Electrical Resistance Method of 


Corrosion Monitoring In Refinery Equipment* 


By A. J. FREEDMAN, E. S. TROSCINSKI and A. DRAVNIEKS 


Introduction 

ITH CORROSION costs to the 

oil refining industry approaching 
3300,000,000 annually, the detection, 
imeasurement, and elimination of corro- 
sion in process units is becoming an 
increasingly urgent problem. The devel- 
»pment of new refining processes involv- 
ing extreme temperatures and pressures 
with corrosive fluids has created new 
and previously unknown difficulties re- 
quiring careful observation and control 
of corrosion rates. The effects of process 
variables, construction materials, corro- 
sion inhibitors, and protective coatings 
on corrosion must be evaluated under 
actual operating conditions. Solutions to 
new and unexpected corrosion problems 
must be found as quickly as possible. 
Sensitive locations in new units, where 
corrosion might be expected, must be 
monitored frequently. Safety checks 
must be maintained at points of high 
corrosion throughout the refinery. 


Conventional Corrosion Monitoring 
Methods 


Until recently, only three general 
methods were available for corrosion in- 
vestigations in refinery process equip- 
ment. These include unit inspections, use 
of corrosion coupons and analyses of 
effluent streams for metal content. 


In modern complex refineries, the 
limitations and disadvantages of these 
procedures are becoming increasingly 
apparent. For example, unit inspections 
are a necessary part of refinery mainte- 
nance programs, They provide valuable 
information concerning long term corro- 
sion rates. However, inspection data will 
not detect rapid fluctuations in corrosion 
rates and are not useful for fast quantita- 
tive evaluation of protective measures. 


Analyses of tail waters and effluent 
streams for metal content must be in- 
terpreted with great caution. Data aver- 
aged over long periods of time may be 
related significantly to general corrosion 
rates in some cases. However, fluctua- 
tions in the composition and detergent 
action of product streams can have tre- 
mendous influence on the distribution of 
corrosion products formed within the 
unit. For example, a sudden increase in 
iron content of a condenser tail water 
may result from a loss in inhibitor effec- 
tiveness, an increase in detergent action, 
a decrease in pH, an increase in the 
percent of water in the effluent stream, 
a change in the composition of the 
stream, or any combination of these and 
other variables. In addition, since corro- 
sion products generally can be formed 
throughout a unit, the determination of 
corrosion rates at a particular location 
is especially difficult by this method. 


Compas studies represent the best of 
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the classical methods for refinery corro- 
sion investigations. Coupons of any ma- 
terial can be inserted at specific loca- 
tions, and will measure quantitatively the 
average corrosion rate over the period 
of exposure. In some cases, retractable 
holders can be used to remove coupons 
while a unit is “on stream.” Generally, 
however, coupons can be inspected only 
during shutdowns. For this reason, sud- 
den changes in corrosion rate caused by 
short-range changes in process variables 
are difficult to detect with coupons. 


The Electrical Resistance Corrosion 
Probe 


What are the requirements for a good 
refinery corrosion-monitoring device? 
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Abstract 


A corrosion test system based on the 
electrical resistance method permits 
continuous monitoring of corrosion rates 
in refinery equipment without inter- 
rupting normal operations. Corrosion 
decreases the cross-section, and con- 
sequently the electrical conductivity, 
of a metal specimen exposed to refinery 
fluids at high temperatures and inacces- 
sible locations. From the decrease in 
conductivity, or increase in resistance, 
the amount of corrosion which occurs 
between measurements can be deter- 
mined. The system has been used suc- 
cessfully under all conditions of tem- 
perature and pressure encountered in 
a refinery. It has measured corrosion 
rates in vapor and liquid phases, with 
both oil and aqueous media. 

With the aid of the corrosion probe, 
corrosion rates in operating refinery 
equipment have been determined quan- 
titatively in a few hours’ time, as com- 
pared with months required for coupon 
measurements, water analy ses, and unit 
inspections. liieery corrosion inhib- 
itors have been compared rapidly in 
actual use. Effects of changes in unit 
operating procedures upon corrosion 
rates have been observed shortly after 
the changes were made. Sensitive loca- 
tions where corrosion is expected have 
been monitored frequently. 2.2.1 


First, the method must be capable of 
detecting corrosion in operating equip- 
ment, so that protective measures and 
process variables can be evaluated under 
actual operating conditions. Second, the 
method must be rapid,.so.that solutions 
to urgent problems can be tested with- 
out delay, and so that lengthy, expensive 
experimental programs can be avoided. 
Third, the method must be accurate and 
reproducible, to ensure that data ob- 
tained with this method will correspond 
to actual corrosion rates at the point of 
measurement. Fourth, the method must 
be sensitive, so that low corrosion rates 
can be measured in reasonable times, and 
so that small changes can be detected. 
And perhaps most important, the meas- 
urements must not interfere in any way 
with normal refinery operations. 


A corrosion-monitoring procedure 
which fulfills all of these stringent re- 
quirements is the conductometric, or 
electrical resistance method. This method 
has been used extensively for industrial 
laboratory corrosion testing and in plant 
operations. A large number of electrical 
resistance corrosion probes have been 
installed in refineries for many different 
applications. 

The electrical resistance method of 
measuring corrosion has been discussed 
in papers from this laboratory published 
during 1954 and 1957,"? and by other 
authors.** Briefly, the method consists 
of measuring the change in electrical 
resistance of a metal specimen placed in 
a corrosive medium. Since the resistance 
of an electrical conductor is inversely 
proportional to its cross-section, the 
change in resistance of the specimen with 
time can be related to the amount of 
corrosion that occurs during the experi- 
ment. A number of different electrical 
circuits may be used for measuring the 
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Figure 1—Refinery corrosion probe. 


Twin Overhead 


Inhibitor 
Injection 
Line 






NHg Injection 
Line 


Reduced 
Crude 


Ceres 












Corrosion Probe 
Installed at 

This Point in 

One Condenser 







L 
Twin Open Box Condensers 


Figure 2—Pipe still flow diagram. 


resistance changes. Some ot these instru- 
nents now are available commercially. 

Figure 1 is a photograph of a typical 
refinery corrosion probe. This probe is 
designed to fit into a ioieevisiciaal one 
inch open-end thermocouple nozzie with 
ball-and-socket joint and flanged connec- 
tions. The probe is ruggedly constructed 
and designed to be completely reliable 
under all conditions of temperature and 
pressure normally encountered in the 
refining industry. 

The electrical resistance measurements 
are not influenced by accumulated corro- 
sion products. With coupons, however, 
the necessity of removing the corrosion 
products before each weight loss deter- 
mination limits the sensitivity of the ex- 
periments. For example, simple calcula 
tions show that at a corrosion rate of 
Ol inch per year, a retractable coupon 
0.5 
day. Under these same conditions the 
resistance of a typical probe specimen 

ill increase from 0.2 percent to 1.0 per 
cent per day, depending upon the initial 
thickness of the specimen. However, 
over a one-day exposure at this corro 
sion rate, only very small amounts of 
corrosion products will accumulate on 
the coupon. For this reason, the errors 
introduced in cleaning the coupon will 
be large and variable, and in some cases 
may overshadow completely the 10 mg 
absolute weight loss. Much longer time 
intervals would be required to_ provide 
satisfactory accuracy in this weight loss 
determination. 

On the other hand, the accuracy of the 
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inch by 3 inches will lose 10 mg per 


resistance determination is influenced 
only by the measuring instrument used 
and by any undetected changes in probe 
temperature during the brief period re- 
quired to read the meter, Errors of 
percent in this measurement are unusual. 
In addition to this advantage of the 
corrosion probe over retractable cou- 
pons, the convenience of measurement 
should be considered. Corrosion probe 
data can be obtained in a few minutes 
time each day. Coupons, however, must 
be retracted and replaced, sometimes in 
difficult or dangerous locations. Then 
the used coupons must be transported 
to the laboratory for laborious cleaning 
and weighing operations. Thus, the cor- 
rosion probe provides much greater sen- 
sitivity, accuracy, and convenience than 
coupons for frequent measurement. of 
corrosion rates. 

It is important to remember that data 
determined with the corrosion probe rep- 
resent corrosion rates on the probe speci- 
men at the point of insertion. These 
rates do not necessarily correspond ex- 
actly to general corrosion rates in an 
operating unit. Corrosion coupon data 
also must be interpreted in this way. 
This is not a serious difficulty since in 
most cases only comparative corrosion 
rates are of interest. How ever, since the 
probe specimen generally is placed close 
to the vessel wall and is made from the 
same material as the vessel unless other 
metals are being examined, probe results 
and actual plant corrosion rates have 
shown very good agreement. For this 
reason, and in order to make the data 
readily understandable to refinery oper- 
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ating personnel familiar with coupon ex- 
periments, the corrosion probe results 
have been expressed in terms of inches 
per year penetration rather than in arbi- 
trary electrical units. 


Evaluation of Corrosion Inhibitors 


One of the most important applica- 
tions of the electrical resistance corro- 
sion probe is in the field evaluation of 
alternative corrosion-protection meas- 
ures. For example, the probe has been 
used to evaluate a series of commercially - 
available corrosion inhibitors for use in 
a pipe still light naphtha condenser. 

Figure 2 is a schematic diagram of the 
overhead condenser system on this pipe 
still. Twin overhead lines pass through 
parallel open-box type condensers, Am- 
monia for pH control is injected into 
each line near the top of the tower, and 
inhibitor is injected through rotameters 
mounted just ahead of each condenser. 
The corrosion probe was installed in the 
first return bend of one of the con- 
densers. Temperatures at this point in 
the condenser ranged between 195 F and 
215 F at a pressure of 1-5 psig. Conditions 
are thought to be typical of aqueous 
condensate type corrosion in the pres- 
ence of corrosive oil phases. Previous 
experience indicated that in the absence 
of inhibitors, this first return bend was 
subject to severe corrosion. During these 
experiments, the pH of the overhead tail 
water was maintained close to 8, and iron 
analyses were made at frequent intervals. 

Figure 3 presents the results of the 
corrosion probe measurements. In this 
graph, the total amount of corrosion 
measured on the probe is plotted on the 
vertical axis, against time on the hori- 
zontal axis. Thus the curve starts at zero 
corrosion and proceeds to higher values. 
The slopes of the lines represent corro- 
sion rates. Horizontal lines indicate no 
corrosion with time, while nearly vertical 
lines represent high corrosion rates. 

Three different inhibitors were tested. 
In addition, a short initial measurement 
was made with no inhibitor, as shown 
at the start of the curve. 

Two different types of crude were fed 
to the unit during the experiment, as 
shown by the dotted and solid portions 
of the curves. Apparently the changes in 
feed had no significant effects upon tlie 
measured corrosion rates. 

The differences in effectiveness of 
these three inhibitors is strikingly appar- 
ent from this graph. The corrosion rate 
dropped from .25 inch per year with no 
inhibitor to .02 inch per year with in- 
hibitor 1 at 11 parts per million, When 
the dosage was increased to 22 parts per 
million the corrosion rate decreased to 
.O1 inch per year. Then immediately 
after the inhibitor was changed to com- 
pound No. 2, the corrosion rate dropped 
to zero. When the dosage of compound 
2 was reduced from 20 to 10 parts per 
million, the corrosion rate increased only 
to a barely measurable value, .001 inch 
per year. However, when compound 3 
was introduced, at 30 ppm, the rate im- 
mediately increased to .08 inch per year. 

Because of operational problems, the 
unit was shut down briefly two times 
during this test. Conceivably, if corro- 
sion coupons had been used for the in- 
vestigation, the coupons could have been 
inspected during these shutdowns, and 
also at the end of the test. It is apparent, 
however, that the detailed quantitative 
comparison of corrosion rates with in- 
hibitor concentrations shown here could 
have been obtained only with difficulty 
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naphtha condenser). 


by means of coupons. Perhaps most im- 
portant, coupon data would not have 
illustrated the striking changes in corro- 
sion rate that can occur when one in- 
hibitor is substituted for another during 
normal operations. 

Figure 4 shows the iron concentrations 
in the aqueous phase from the light 
naphtha condenser which were obtained 
during the period of this investigation. 
The random nature of these data is ap- 
parent from the graph. Note also that 
although the corrosion rate as measured 
with the probe dropped to zero immedi- 
ately after inhibitor 2 was added, the iron 
analyses remained high for about two 
weeks. This is a good example of the 
effects that detergent action can have on 
the metal content of a refinery stream. 
Even after low iron counts and clear 
water were obtained, the data show so 
much variation that effects of changes 
in inhibitor concentration are completely 
submerged, Certainly the quantitative 
comparison of inhibitors made on the 
basis of the corrosion probe cannot be 
deduced from the iron analyses 


Evaluation of Process Variables 


Another important application of the 
corrosion probe has been to evaluate the 
effects of process changes upon corrosion 
rates. In a group of pressure stills, con- 
siderite difficulty was experienced with 
both corrosion and coking. In an effort to 
determine the best operating conditions 
from a corrosion standpoint, corrosion 
probes were placed in a number of 
towers in this group of stills. These 
towers operate at about 850 F and 300 psig. 
Figure 5 presents data obtained with one 
of these probes. 

During the first four days of this ex- 
periment, the corrosion rate rose steadily 
as indicated by the increasing slope of 
the curve. Progressive changes in unit 
operations were made at times marked 
by the arrows. After the first change, 
the slope of the corrosion curve de- 
creased to zero. The second change 
caused an immediate increase in corro- 
sion rate, but control was re-established 
quickly and the rate returned to zero. 
After the third progressive change in 
operating conditions, the corrosion rate 
gradually increased until the end of the 
experiment. The final slope of the curve 
corresponds to about .44 inch per year 
corrosion, 

In order to conduct these experiments, 
it was necessary to measure corrosion 
rates in high temperature, high pressure 
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Figure 4—Total iron content of overhead stream 
(light naphtha condenser). 


units during normal operations. Any 
down time required to change coupons 
or make caliper readings between opera- 
tional changes would have introduced 
additional variables and obscured the re- 
sults of this test. In addition, only aver- 
age corrosion rates between shutdowns 
could have been obtained. With the elec- 
trical resistance corrosion probe, it was 
possible to observe the effects of changes 
in operating variables upon corrosion 
rates almost immediately after the 
changes were made, and to follow closely 
the variations in corrosion rate with time. 

Figure 6 presents another example of 
the use of the corrosion probe to ob- 
serve the effects of operational changes 
upon corrosion rates. These data were 
obtained in a lubricating oil treating 
plant. This unit handles many different 
types of feed stock, with each stock being 
treated on an individual basis to produce 
a uniform quality product. Several dif- 
ferent degrees of acid and caustic wash- 
ing are employed, together with other 
purification steps, all on feed stocks of 
varying composition. On this graph, the 
arrows indicate dates on which the feed 
stock was changed and time intervals 
during which acid treatments were used 
as part of the process. 

The data show that except for a period 
of about ten days when no corrosion oc- 
curred, the corrosion rate during this test 
varied continuously between about .01 
and .04 inch per year. There is no ap- 
parent correlation between feed stocks 
or acid treatments and corrosion rates. 
These results were unexpected, since it 
had been assumed that corrosion in this 
unit occurred primarily during periods of 
acid treatment. Since feed stocks were 
changed every 3 to 5 days during this 
experiment, the absolute amounts of cor- 
rosion that occurred during each interval 
were very small. 

Without the corrosion probe, it would 
have been impossible to determine 
whether or not individual feed changes 
had appreciable effects on the corrosion 
rate. A few iron analyses were obtained 
on effluent water from this unit. How- 
ever, because the composition of the feed 
and other process variables changed so 
frequently during the experiment, the 
data fluctuated widely and showed no 
valid correlation with the corrosion 
probe results. 
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Figure 6—Corrosion probe measurements in oil- 
treating unit. 


Corrosion Monitoring with Probes 

The development of new octane- 
improving operations and petrochemical 
processes in recent years has created 
many new and unusual corrosion prob- 
lems. In many cases, it has been diffi- 
cult to predict, on the basis of laboratory 
and pilot plant studies, what types of 
corrosion to expect. Plant experience 
with these new processes has not been 
sufficient to expose all of the corrosion 
problems which may exist. Therefore, it 
is important to monitor frequently the 
sensitive locations in these units. For 
example, when Whiting No. 1 Ultra- 
former went on stream in 1956, five cor- 
rosion probes were installed at points 
where corrosion had been experienced in 
other units. All of the probe measure- 
ments were obtained with one control 
circuit in a central location, Figure 7 
shows some typical data obtained with 
two of these probes. 

For clarity, the zero corrosion line in 
both of these graphs is raised above the 
horizontal axis. At location A, no meas- 
urable corrosion occurred during the first 
fifty days of the monitoring period. After 
that time, a small amount of corrosion 
was detected. However, the corrosion 
rate, .006 inch per year, is completely 
negligible in this case. At location B, no 
measurable corrosion was observed dur- 
ing the entire monitoring period. Thus, 
corrosion probes have provided concrete 
evidence that sensitive locations in a 
new and-expensive refinery unit are in 
no danger from corrosion at present. 
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Figure 7—Whiting Ultraformer corrosion probe data. 


Conclusion 

The electrical resistance corrosion 
probe provides quantitative measurements 
of corrosion rates in refinery equipment 
without interfering in any way with 
normal operations. With this tool, the 
corrosion engineer can evaluate rapidly 
and accurately a series of corrosion- 
protection measures. He can observe 
the effects of operational changes 
shortly after the changes are made. He 
can monitor frequently, sensitive lo- 
cations in new units where corrosion 
might be expected. As refining and petro- 
chemical processes become more and 
more complex, the electrical resistance 
corrosion probe should become an in- 
creasingly important instrument for cor- 
rosion investigations of all types. 
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DISCUSSION 
Question by Richard E. Baus, Gulf Oil 
Corporation, Philadelphia, Pennsyl- 
vania. 
Do you find it necessary to vacuum- 
anneal probes and will this improve 
reproducibility to a significant extent? 


Reply by A. J. Freedman: 

We never have found it necessary to 
apply any special surface preparation to 
corrosion probe specimens for refinery 
use. Because these specimens are much 
thicker than those employed in labora- 
tory work, and because the experiments 
are carried out over long periods of time, 
corrosion in the surface layer of the 
specimen constitutes only a small frac- 
tion of the total corrosion measured with 
the probe. In laboratory work, however, 
where very thin specimens are employed 
and a high degree of sensitivity is re- 
quired for short-term testing, vacuum- 
annealing has been adopted as standard 
procedure for preparing reproducible 
metal surfaces. 


Question by Donald L. Burns, Gulf Oil 

Corporation, Port Arthur, Texas: 
Was the instrument and probe used of 
Standard Oil Company or of commercial 
origin? 


Reply by A. J. Freedman: 

The corrosion probes and measuring 
circuits used in this work were designed 
and manufactured by the Standard Oil 
Company (Indiana). Instruments and 
probes manufactured by the Crest Instru- 
ment Company, Santa Fe Springs, Cali- 
fornia, combine the developments of both 
Standard Oil Company (Indiana) and 
Crest Instrument Company, and em- 
body the principles of Standard’s U. S. 
Patent 2,735,754 under which Crest is li- 
censed. 
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Discussion by F. L. LaQue, The Inter- 
national Nickel Company, Inc., New 
York, New York: 

In view of the fact that there is no op- 
portunity to observe the nature, form 
and distribution pattern of the corrosion 
that is being measured by the probe, it is 
suggested that the results be expressed 
simply in terms of change in resistance 
as a function of time rather than as an 
indicated rate of penetration of corrosion 
with time. The conclusions that can 
properly be drawn and the action that 
may be taken based on them on the 
basis of the direct expression of what is 
being observed should be as usable as by 
reference to some calculated rate of cor- 
rosion. At the same time, one would 
avoid difficulties that might result from 
misuse of the implications of the corro- 
sion rate figures by readers of the report 
who are less aware of the limitations of 
such data than are the original investi- 
gators. 

It seems also in order to draw attention 
to certain limitations of test specimens 
of this sort. They do not permit obser- 
vations of hot or cold wall effects, nor 
peculiar effects of velocity or turbulance 
that may be encountered by the corrosion 
probes to a much different extent than 
other surfaces that may be in contact 
with the same corrosive environment 
where peculiar turbulence may exist. 
These limitations are, of course, not pe- 
culiar to the corrosion probe test speci- 
mens, but should be kept in mind. 


Reply by A. J. Freedman: 

Mr. LaQue’s comments are certainly 
correct. However, we have used well- 
known corrosion penetration units in 
order to make the data readily under- 
standable to refinery personnel and 
others accustomed to common types of 
corrosion measurements. The determi- 
nation of corrosion by both weight loss 
techniques and the electrical resistance 
method is limited to uniform corrosion 
over the entire specimen surface. In either 
case, pitting and other forms of localized 
attack can be detected only by additional 
measurements on the specimen, usually 
visual in nature. 


Any discussions of this article not published above 


will appear in the June, 1958 issue 
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High Temperature Oxidation 


Introduction 
HIS PAPER represents an extension 


and refinement of experimental re- 
search on the subject of high temperature 
oxidation of iron-nickel alloys reported 
earlier.’ It had been established that iron 
alloys of low nickel content oxidized to 
produce a layer of wistite free from dis- 
solved nickel,? overlaid with layers of 
nickel-free magnetite and hematite.” 
The nickel was enriched in the metal 
layer near the external scale. The sub- 
scale which formed in _ region was 
initially wustite but later became a 
spinel as the nickel anes in the alloy 
rose. In cases where the supply of 
oxygen was cut off and the specimen 
equilibrated by continued heating, the 
oxide was entirely converted to wiistite 
in the time allowed except for small 
amounts of spinel found as liners of 
cavities in the subscale region. When 
the initial nickel content of the alloy 
was sufficiently high, wiistite was not 
one of the products at any stage of the 
reaction. The general structure of the 
Fe-Ni-O phase diagram as it relates to 
the iron-rich alloys, wiistite and the 
spinel oxide, was deduced from the ob- 
servations. 

These conclusions which involved 
some assumptions about the residual dis- 
placement of the system from equilib- 
rium have been substantiated by ex- 
periments more carefully controlled to 
yield better equilibration. Additional ob- 
servations have been made. A more de- 
tailed mechanism for the oxidation of 
iron-nickel alloys and for the homogeni- 
zation of the resulting composite is pro- 
posed. A part of the ternary phase 
diagram is given at 1050 C. 


Experimental Procedure 


In the earlier work a fairly thick oxide 
was applied by oxidation of an iron- 
nickel alloy in air or oxygen for times 
of about three days. Then the system 
was flushed with argon, sealed off under 
the inert atmosphere, and equilibrated 
for a week to ten days. In this new 
work the oxidation was carried out in 
very brief stages with partial equilibra- 
tion periods between oxidizing stages. 
The total thickness of oxide formed was 
usually less, resulting in a smaller de- 
parture of the alloy composition from 
the starting value. The final equilibra- 
tion period was extended greatly. The 
total time was more than 1000 hours. 


« Submitted for publication August 19, 1957. A 
paper presented at a meeting of the South 
Central Region, National Association of 
Corrosion Engineers, San Antonio, Texas, 
October 23-26, 1956. 


© Wiistite is an oxide with the NaCl structure, 
with iron and oxide ions on alternate sites. 
A high concentration of vacancies in the iron 
sites prevents the stoichiometric composi- 
tion FeO being attained in an equilibrium 
phase. Magnetite is a spinel crystal of com- 
position close to Fe304. Hematite is a rhom- 

bohedral crystal of composition Fe2Os. 
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These modifications serve to suppress 
large concentration changes in the alloy 
phase just below the oxide layer which 
may give rise to the temporary forma- 
tion of phases not to be expected in the 
equilibrium mixture. 

As before, the equilibrated specimen 
was quenched in air. During cooling an 
external layer of magnetite formed 
which often was fairly thick compared 
with the external scale produced at tem- 
perature. However, because of differ- 
ences in geometry and composition, 
there was no difficulty in distinguishing 
this material from any other spinel prod- 
uct in the sample. 

In other respects the procedure was 
essentially the same as that used before.’ 


Results 
Metallography 


The less vigorous oxidizing conditions 
and longer equilibration resulted in sub- 
stantial changes in microstructures. The 
15 percent® Ni alloy had previously 
shown copious porosity lined with spinel 
even though most of the surrounding 
subscale oxide was wiistite. In this in- 


@ All compositions are in weight percent ex- 
cept on the phase diagram (Figure 8), 
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Abstract 


Iron-nickel alloys of several compositions 
were oxidized in oxygen at 1050 C. Sub- 
scale formed preferentially at grain bound- 
aries. Equilibration under an inert at- 
mosphere occurred mainly by the dis- 
solution and diffusion of oxygen in the 
alloy phase. Porosity developed in the 
subscale region during equilibration, 
then began to sinter out on longer 
heating. 


Several features of the iron-rich corner 
of the ternary phase diagram were de- 
termined. The three phase triangle was 
shown to have apices near 55 weight per- 
cent Ni in the alloy phase, 52.6 atomic 
percent oxygen in the wiistite phase, and 
10 weight percent Ni in the spinel phase. 
Ni is virtually absent from the wiistite 
phase. Consequently the wiistite in equi- 
librium with an iron-nickel alloy has a 
higher oxygen content (lower iron ac- 
tivity) than when in equilibrium with 
pure iron at the same temperature. 


The reduction in the concentration dif- 
feretice between the extremes of the 
wiistite layer on an iron-nickel alloy as 
compared with one on pure iron (with 
an overlying layer of magnetite in each 
case) leads to a lower growth rate of the 
wiistite phase on the alloy. By reference 
to the relative rates of growth on pure 
iron, it is anticipated that the elimination 
of wiistite as a stable phase should lead 
to a decrease in the overall oxidation 
rate by a factor of about 20, the actual 
rate determined by the growth of the 
spinel phase. 3.2.3 


stance there was much less porosity, al- 
though some still remained. The spinel 
was entirely absent. A microstructure, 
typical except for an unusual amount 
of porosity, is shown in Figure 1. 

During the very long equilibration 
period, the subscale was observed to 
pervade the whole cross section of the 
sample, presumably by the dissolution 
of some of the external scale followed 
by diffusion of oxygen into the alloy 
where new oxide can precipitate. The 
preference for subscale formation at 
grain boundaries, shown in Figure 2, 
may be the result either of more rapid 
oxygen diffusion along the boundaries 
or of easier nucleation of the precipi- 
tate at the boundaries. In any case, it 
is evident that equilibration does not 
have to wait for the very slow Fe-Ni 
diffusion process. 

The morphology of the subscale shows 
some interesting features, other than its 
grain boundary preference. A particu- 
larly suggestive arrangement is the “half 
moon effect” seen in Figure 3 where the 
end of one of the arms of a wiistite 
particle is separated from the main body 
by the intrusion of metal. It is suspected 
that in specimens homogenized for 
briefer periods this would have been a 
spinel-lined cavity formed by reduction 
of subscale spinel as the wiistite sub- 
scale penetrated to greater depths in the 
specimen. Wiistite replaces the spinel in 
the subscale when the nickel-rich alloy 
layer just below the scale is impov- 
erished by diffusion during the equili- 
bration cycle. The porosity may have 
been eliminated later by sintering of the 
alloy. 
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Figure 1—Subscale microstructure for 15.06 weight 

percent nickel alloy oxidized intermittently in air 

for 214 hours and then annealed in inert atmosphere 

for 1003 hours. Cavities were selected in order to 

show the absence of spinel. Original magnification, 

500X, actual magnification after reduction for en- 
graving purposes, 250X. 





Figure 2—Subscale microstructure in 48.5 weight 
percent nickel alloy oxidized and homogenized inter- 
mittently for 1102 hours. This photograph shows the 
precipitation of mixed wustite and spinel deep within 
the specimen with larger particles outlining the grain 
boundaries. Original magnification 200X; actual mag- 
nification after reduction for engraving purposes, 
100X. 


Coexistence of three phases in mutual 
contact has been found, particularly in 
the subscale regions, indicating that the 
specimen composition lies in the three 
phase triangle. Figure 4 shows such a 
microstructure for an alloy originally 
containing 48.50 percent Ni. The spinel 
in this case is not associated with cav- 
ities and is not the result of incomplete 
equilibration. The spinels in such ag- 
gregates which existed at the equilibra- 
tion temperature, photograph darker 
than the wustites, presumably because of 
the nickel content of the spinel. On the 
other hand, the spinels formed by ex- 
ternal oxidation during cooling in air or 
by precipitation from wutistite are lighter 
than the wutistite, since they contain no 
nickel. Thus it is very easy to dis- 
tinguish the spinel which was at. the 
equilibrium temperature from that 
formed on cooling. 

It has been noted that for increased 
nickel content of the alloy, the amount 
of magnetite precipitated in the wistite 
during cooling also increased. Thus, in 
agreement with the observations of Kub- 
aschewski and vonGoldbeck' and Oriani,® 
it was found that the wistite became 
richer in oxygen as the alloy became 
richer in nickel. The morphology of the 
magnetite precipitate changed markedly 
and probably was dependent upon the 
iron to oxygen ratio, but might have 
been modified also by changes in the 
traces of nickel dissolved in the wistite. 
For example, compare the needles of 
magnetite in Figure 4 with the cubes 
of magnetite shown by Himmel et al.° 

There is a complete absence of hema- 
tite in these later studies. 
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Figure 3—Mixed wustite and spinel subscale in same 

specimen as shown in Figure 2. The wustite shows a 

mottled surface on etching in dilute HCI; magnetite 

remains smooth. Original magnification, 1350X; 

actual magnification after reduction for engraving 
purposes, 775X. 
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Figure 4—External scale on specimen in Figure 2 
showing (a) magnetite layer formed by oxidation on 
cooling, (b) magnetite formed by precipitation from 
wustite on cooling, (c) spinel in contact with wustite 
and alloy at temperature, (d) wustite and (e) mount- 
ing plastic filling cavity. Original magnification, 
1350X; actual magnification after reduction for en- 
graving purposes, 625X. 


TABLE 1—Summary of Lattice Constant Determination 

















External Scale Subscale 
| Metal | 
Run Wustite Spinel (f.c.c.) | Wustite | Spinel 
17 | 4.280 | 8.387 3.580 | 4.285 | 
4.285 8.368 3.586 4.285 
| 4.285 | 
18 ; 4.285 4.289 
4.285 4.283 
4.282 | 4.280 
| 4.280 
| 4.282 j 
|} 4.283 | (8.387) 
| 4.985 | (8.408) 
| 4.283 | 8.375 
19 None 8.417 | None | 8.381 
8.407 8.386 
8.389 | | (8.36s) 
| 8.376) | | 8.389 
| | | 8.388 
| E 7 eee | 
Note: The lattice constants are given in A°. The successive values are for different layers as the surface 


was ground away. Values in parentheses are uncertain because of the low intensities of the diffraction lines 


employed. 


X-Ray 


X-ray determinations qualitatively 
confirmed the metallographic observa- 
tions and agreed with the earlier re- 
sults when the residual traces of un- 
stable phases were ignored. The data 
are summarized in Table 1. The almost 
complete absence of metallic particles 
in the outer scale makes it doubtful that 
they were completely in equilibrium. In 
this respect, the subscale was more 
reliable. Accuracy in lattice parameter 
determinations was limited by the rela- 
tively small amount of oxide produced 
in some cases and by the fact that the 
X-ray beam sampled only a few coarse 
grains in which the oxides seem to have 
grown with preferred orientations. Some 
diffraction lines expected in powder pat- 
terns were unusually faint. In any case, 
there seems to be no trend with distance 
into the specimen. 

Another difficulty in interpretation of 
the X-ray data lies in the sparseness of 
data or discordant data on the alloys 
and oxides. The latt'ce parameters for 
face-centered cubic alloys determined by 
three groups of investigators’ disagree 
with those given by Moreau.”* The for- 
mer are used here. 

The wutstite lattice parameters of 
Willis and Rooksby*® agree with those of 
Jette and Foote,” if the conversion fac- 
tor for kX to Angstrom units is applied 
to the latter. Bénard’s" results differ 
substantially from these. 


Only for the extreme spinel compo- 
sitions Fe;0, and NiFe:O, have lattice 
parameters been reported. Hickman and 
Gulbransen™ gave a value for NiFe.O. 
and Verwey and Haayman”™ determined 
the variation of lattice parameter with 
iron to oxygen ratio in magnetite. The 
fact that the cation to anion ratio and 
iron to nickel ratio can both vary ap- 
preciably in this phase, makes it difficult 
to be certain of interpolations. However, 
a) decreases with increasing oxygen to 
iron ratio in magnetite by a much 
smaller amount than the change asso- 
ciated with varying iron to nickel ratio. 
Although a parameter determined on 
powder taken from a_ single crystal 
ferrite® containing 18.12 weight per- 
cent Ni lies on the straight line con- 
necting the extreme points in Figure 5, 
some of the values in Table 1 lie out- 
side the range. The witistite values are 
compared in Figure 6. Figure 7 gives 
the data for face-centered cubic Fe-Ni 
alloys. In each case the line used to 
evaluate the compositions by means of 
X-rays is indicated so that the reader 
may see the uncertainities involved. 


Chemical Analyses 


The external oxides, separated me- 
chanically from the substrate, were an- 
alyzed for average nickel content. The 
subscales were extracted with bromine 


@ Purchased from the Linde Air Products 
Company. 
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Figure 5—Variation of lattice parameter in the spinel 
crystals with compositions between magnetite and 
nickel ferrite. 


in methanol to dissolve the metal. Metal 
and oxide residue were analyzed sepa- 
rately for nickel. When two oxides were 
present in the specimen, the value ob- 
tained was an average for the mixture in 
whatever proportions existed. The re- 
sults, given in Table 2, were not always 
reliable because of the small amounts 
of a particular product available in cer- 
tain samples. The less reliable numbers 
are enclosed in parentheses. 

In spite of the great difficulties in 
applying both chemical and X-ray an- 
alysis to these materials, it is evident 
that reasonable agreement exists in the 
few cases where reliable measurements 
are available from both sources. 


Discussion 


Phase Diagram 

From the results in Table 2, the three 
phase triangle should include an alloy 
composition above 50 percent nickel, a 
spinel composition containing about 10 
weight percent nickel and a nickel-free 
wtistite containing 52.6 atomic percent 
oxygen. The only inconsistent result is 
the very low nickel concentration in the 
spinel of run 19 which was in contact 
with a very high nickel alloy. This con- 
tradicts several results’ and probably is 
in error for an unknown reason. The 
alloy concentration seems to be the most 
inexact value of this set. Runs 17 and 
18 indicate 51 and 65 weight percent 
nickel, while earlier results indicated 53 
and 57 percent nickel. In the absence of 
a strong reason to eliminate any of 
these, the average is plotted at 55 atomic 
percent nickel. The spinel composition 
corresponds to NiosFe:«Os. The phase 
diagram is given as Figure 8. 


Scaling 

Bénard and Moreau™ have measured 
oxidation rates for nickel alloys con- 
taining 30 percent or less nickel from 
675 to 900 C. They found little nickel 
in the external scales with consequent 
enrichment of nickel in the underlying 
metal. Because of the relatively slow 
diffusion in the alloy, the concentration 
of nickel at the metal surface could go 
to very high values, dropping rapidly 
with distance away from the oxide layer. 
The rate curves could not be described 
by a simple relation. When fit to the 
equation 


y"= kt 


it was found that n was greater than 2 
in the early stages of reaction and lower 


than 2 in the later stages, except at 
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Figure 6—Variation of the lattice parameter with iron 
to oxygen ratio in wustite. 


675 C. when a value of 2 applied rea- 
sonably well over the time of reaction. 

Foley, Druck and Fryxell’ studied 42 
percent nickel alloys from 600 to 900 C 
and found no wustite among the prod- 
ucts. Again the alloy was found to be 
enriched in nickel just below the scale. 
They proposed that the growth rate of 
the scale was controlled by diffusion 
through the spinel layer. Presumably 
this would be mainly by cation diffu- 
sion,® but no evidence is in hand con- 
cerning the relative mobilities of iron, 
nickel and oxygen ions in nickel ferrite. 

The mechanism to be proposed makes 
use of the observations outlined above 
and is consistent with these earlier sug- 
gestions. It simply seeks to tie them 
into a more comprehensive description. 

Consider first an alloy which would 
be in equilibrium only with wistite at 
temperature. When placed in a strongly 
oxidizing atmosphere, scaling would be- 
gin. No details can be given for the very 
early stages, for it is quite possible that 
an unstable phase nucleates most easily 
and then is replaced quickly by more 
stable materials, Surely wistite will ap- 
pear early and thereafter little nickel 
should reach the outer scale except when 
alloy particles are undermined in the 
subscale region and carried forward as 
more or less inert particles. 

Because of the possibility of under- 
mining subscale metal particles and the 
joining of subscale oxide particles to the 
external scale as oxidation proceeds, it 
is very doubtful that the inert marker 
techniques which are so helpful in study- 
ing oxidation mechanisms for pure 
metals will be of much unambiguous use 
in alloy oxidation studies. The more dif- 
ficult procedure of measuring diffusivi- 
ties in the oxides is indicated as a re- 
liable course. 

The strongly selective oxidation of 
iron will lead to nickel enrichment in 
the immediately underlying alloy layer. 
Oxygen solubility must be greater in 
the iron-nickel alloy than in pure iron 
in order for wistite to precipitate farther 
back in the alloy as it does. This de- 
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Figure 8—lIron-rich corner of the Fe-Ni-O system at 
1050 C. 


pletes the iron content of the alloy still 
more. As nickel enrichment continues 
in the alloy, the equilibrium composition 
of the wtistite moves to a higher oxygen 
content, thus decreasing the concentra- 
tion range for the wiistite layer. As a 
result, the driving force for diffusion 
decreases and the growth rate slows 
down more than the simple parabolic 
rate law predicts.” 

The fixed limiting concentrations from 
which this rate law is derived do not 
apply here. Furthermore, the subscale 
constitutes a substantial part of the 
oxide product. A simple mathematical 
picture cannot be constructed, and it is 
doubtful that a simple rate law should 
be anticipated. 

Unless the initial nickel concentration 
is very low and diffusion in the alloy 
is able to halt the rise of nickel con- 
centration in the alloy at the oxide in- 
terface, enrichment must inevitably drive 
the composition beyond that which is 
simultaneously in equilibrium with 
wustite and spinel into the range where 
wistite is unstable with respect to de- 
composition into alloy and spinel. How 
soon nucleation of spinel can occur is 
not clear. At this point there is no spinel 
in the subscale, and the external layer 
contains only magnetite nearly free of 
nickel which can remain in equilibrium 
with wiustite. Eventually the spinel 
forms in the nickel-enriched layer and 
begins to consume the wiistite from in- 
side while the nickel-free spinel con- 
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TABLE 2—Summary of Chemical Analyses and Comparison with X-Ray Results 
































| Composition Outer Scale Subscale 
Of Unoxidized|——_-_-——_---- — ——|-—_--——-—— ——_—_—____—__— 
Alloy Alloy Oxide Oxide 
Run | Wt. Pct. Ni. Structure Wt. Pct. Ni. | Wt. Pct. Ni. Structure Composition 
aa 37.13 wustite ee: CUP es wustite + none detected 
ee a little 
spinel spinel 
17 ; 48.50 spinel + 6.68 49.9 wustite much Ni. 
a little in 
wustite spinel spinel* 
18 48.50 wustite (3)* wustite much Ni. 
| in 
spinel | spinel spinel* 
19 48.50 spinel only (3)* | 85.5 | spinel only (2.4)* 
Atomic Pct. At. Pct. 
Oxygen in Wt. Pct. Ni. At. Pct. Ni. Oxygen in Wt. Pct. Ni. 
X-Ray Analyses... .....| Wustite in spinel in Alloy Wustite | in spinel 
17 | 52.7 5.1 | 51 52.6 | 10.6 
ec. 52.6 | very low | 65 | 52.7 9.3 
19 J | none very low | 89 none very low 
| 


*Very small samples giving only approximate or qualitative results. 


sumes it from the outside. Thus, the 
gradient in oxygen activity is maintained 
from outside to inside of the scale. 

When the spinel and magnetite join, 
nickel can be delivered to the outer layer 
and a kind of homogenization may pro- 
ceed. Whether the outer part of the 
overall spinel layer can ever catch up 
in nickel content cannot be estimated 
without a knowledge of the diffusion 
coefficients or direct analysis, neither of 
which are available. It may be that some 
nickel continues into the hematite layer. 

It is shown here that even the spinel 
contains a higher iron to nickel ratio 
than the alloy with which it is in equi- 
librium. Therefore, nickel must continue 
tite, once eliminated, should not form 
to concentrate in the alloy phase. Wis- 
again. 

On pure iron, wtistite grows about 
twenty times faster than magnetite 
above 700 C. Thus it largely determines 
the overall growth rate of the com- 
posite oxide scale. When the wiistite 
composition range is narrowed by the 
presence of nickel in the metal phase 
a nearly proportionate decrease is to be 
expected in the oxidation rate at the 
start of the reaction, with further de- 
crease resulting from the nickel enrich- 
ment just below the scale. Qualitative 
observations in the course of the earlier 
study’ showed that even in a 2 percent 
nickel alloy the scaling rate was ap- 
preciably less than that for pure iron. 
If the nickel containing spinel has a 
growth rate about like that for magne- 
tite, a twenty-fold reduction in the oxi- 
dation rate should result from the com- 
plete elimination of wtistite as one of 
the products. 

In order to know whether further 
large improvements can be made, it is 
imperative that the mechanism of dif- 
fusion in spinels be understood, espe- 
cially with regard to the effect of 
changes in the chemical nature of the 
cations on the diffusion processes which 
can support spinel growth. Such studies 
are under way in this laboratory and 


elsewhere. Recent work” has shown that 
it is important for the oxide to have 
sufficient plasticity to adjust to the re- 
treating metal interface as growth pro- 
ceeds. Whether changes in the nature 
and concentrations of cations in spinel 
crystals which affect the diffusivities will 
have a proportionate or stronger effect 
on the plasticities also may be a deter- 
mining factor. 

It seems clear that no simple rate law 
should be expected to hold over a range 
of times which includes a disappearance 
of one of the initial products of the re- 
action. Since Bénard and Moreau 
reached this condition for a 20 percent 
nickel alloy only after about 9 hours at 
850 C it may be that some runs, es- 
pecially at lower temperatures, have not 
gone this far. 

Much has been written” about pro- 
tecting metals from oxidation by alloy- 
ing them with an element which is 
oxidized preferentially to form a sur- 
face layer which is dense, adherent, 
slow-growing and impervious to the 
base metal ion. The use of noble metal 
diluents has been considered theoreti- 
cally” and experimentally. The mecha- 
nism outlined above has more in 
common with the latter, for nickel oxide 
has a dissociation pressure greater than 
that of magnetite over the whole tem- 
perature range in question. NiO could 
form only near the outside of the scale 
to which sufficient nickel is never de- 
livered. However, there is at least one 
new feature here. The presence of the 
alloying element has rendered the fast- 
est growing phase thermodynamically 
unstable. The oxidation rate drops be- 
low that for either of the pure con- 
stituents in this case. The overall rate 
is determined by an entirely new phase. 
The improvement is potentially very 
great where the multilayer scales make 


a protective mechanism of this type 
possible. 
Summary 
Iron-nickel alloys of several composi- 


tions were oxidized in oxygen at 1050 C. 
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Subscale formed preferentially at grain 
boundaries. Equilibration under an inert 
atmosphere occurred mainly by dissolu- 
tion and diffusion of oxygen in the alloy 
phase. Porosity developed in the sub- 
scale region during equilibration, then 
began to sinter out on longer heating. 


Several features of the iron-rich cor- 
ner of the ternary phase diagram were 
determined, The three phase triangle 
was shown to have apices near 55 
weight percent Ni in the alloy phase, 
52.6 atomic percent oxygen in the witis- 
tite phase, and 10 weight percent Ni in 
the spinel phase. Ni is virtually absent 
from the wiistite phase. Consequently 
the wiistite in equilibrium with an iron- 
nickel alloy has a higher oxygen con- 
tent (lower iron activity) than when in 
equilibrium with pure iron at the same 
temperature. 


The reduction in the concentration 
difference between the extremes of the 
wistite layer on an iron-nickel alloy as 
compared with one on pure iron (with 
an overlying layer of magnetite in each 
case) leads to a lower growth rate of 
the wiistite phase on the alloy. By ref- 
erence to the relative rates of growth 
on pure iron, it is anticipated that the 
elimination of wistite as a stable phase 
should lead to a decrease in the overall 
oxidation rate by a factor of about 20, 
the actual rate determined by the 
growth of the spinel phase. 
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Controlling Corrosion In Coal-Chemical Plants* 


By C. P. LARRABEE and W. L. MATHAY 


Introduction 

WHE CONTROL of corrosion in a 

coal-chemical plant, as in any chem- 
cal plant, is dependent upon proper 
‘onsideration of the various environ- 
nents, the process conditions, and the 
conomic factors. The purpose of this 
liscussion will be to (1) review the pro- 
ection of structural-steel work, roofing, 
ind siding by paints, from the stand- 
point of minimizing maintenance costs, 
(2) present data showing the types of 
constructional materials that are resist- 
ant to the many corrosive conditions 
encountered, and (3) discuss the miti- 
gation of corrosion through the proper 
selection of materials and changes in 
process conditions. Corrosion by atmos- 
pheres, by coal, and by chemicals is 
surveyed in somewhat of a general man- 
ner. From time to time during the 
course of this presentation, a brief de- 
scription of the process as it concerns 
certain pieces of plant equipment will 
be necessary. 


Corrosion by Atmospheres 


Outside Structural Steel Work 

Because local atmospheric corrosion 
at most coal-chemical plants is severe, 
considerable thought should be given to 
the economic maintenance of the pres- 
ent installations and to the design and 
protection of new ones. Frye’ has de- 
scribed some of the various types of 
paints that are suitable for such instal- 
lations. The service life of a paint film 
is dependent upon the atmospheric cor- 
rosion resistance of the steel to which 
the paint is applied;? therefore, a study 
should be made on the economics of 
using structural copper steel, or the even 
more corrosion-resistant high-strength 
low-alloy steels for new construction. 


Roofing and Siding 

Because of the extensive use of cor- 
rugated steel roofing and siding, this 
discussion will be limited to materials 
capable of being corrugated. The most 
vulnerable portion of this type of roof- 
ing is the area where the ends and a 
few inches of the sides of one sheet are 
lapped over the ends and sides of ad- 
jacent sheets. The skyward surfaces of 
roofing and of most siding are period- 
ically washed by rain which removes 
any accumulated corrosive chemicals. 
However, contaminated condensation 
frequently drains down the interior 
sides of roofing sheets and keeps the 
lapped joints moist. Thus, adequate pro- 
tection of these areas by painting be- 
fore erection is very important inasmuch 
as periodic repainting is impossible. 

In U. S. Steel’s coal-chemical plants, 
the choice of roofing sheets usually lies 
between galvanized steel and some 
grade of stainless steel. Both surfaces 
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of the galvanized sheets must be 
painted, whereas the stainless-steel 
sheets usually need be painted only on 
those surfaces that are not washed by 
rain. Because of the comparatively large 
buildings required to store the necessary 
quantities of sheets while hand-brushed 
paints are drying, it has been found 
more economical to paint and bake cor- 
rugated roofing sheets on a continuous 
production line. Thus, it frequently is 
more economical to paint both sides of 
stainless-steel sheets on a “paint line” 
than to paint certain areas only by 
hand, 

It has been found that high labor 
costs economically justify the installa- 
tion of roofing sheets that will last the 
expected life of a building. Only by 
studying the history of roofs on build- 
ings that have been exposed to similar 
environments can one decide which of 
the several types of roofing sheets to 
select. For buildings such as store 
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Abstract 


Data are presented showing the types of 
constructional materials that are resist- 
ant to the many corrosive environments 
in coal-chemical plants. The protection 
of structural-steel work by paints is 
viewed from the standpoint of minimiz- 
ing maintenance costs. To minimize the 
corrosive attack, copper steels and high- 
strength low-alloy steels are frequently 
used for outside structural-steel work, 
and stainless steels are used for roofing 
and siding applications. 

Coal-handling equipment, and process- 
ing equipment such as primary coolers, 
tar stills, and light-oil stripping-stills are 
discussed with regard to the mitigation 
of corrosion through the proper selection 
of materials and changes in process con- 
ditions. Stainless steels such as AISI 
Types 304 and 316 were found to be 
economically resistant to corrosive at- 
tack in primary coolers, ammonia satura- 
tors, tar stills and light-oil recovery 
equipment, but should be used only in 
locations where plant corrosion tests 
have shown the use of these steels to be 
justified. 8.8.1 


houses having little or no atmospheric 
contamination in the interior, and in 
which some insulation is wanted, a sand- 
wich-type roof is effective. Galvanized 
sheets (unpainted or painted, as desired) 
on the interior, insulating material in 
the center, and an outside sheet are a 
good combination. The composition of 
the outside sheet should depend upon 
the environment and the expected build- 
ing life. Such 3-layer construction per- 
mits the satisfactory use of a material 
with less corrosion resistance than is 
necessary for single-sheet roofs  be- 
cause there is little or no condensation 
on the interior surfaces. 

It is obvious from the above that each 
roofing application must be studied 
separately. The decision as to the best 
type of roofing for the most economic 
service during the entire projected life 
of the building should be based upon a 
consideration of all the factors involved. 


Corrosion by Coal 

Coal Bunkers 

Most coals contain some sulfur in the 
form of pyrite which, upon contact with 
water and oxygen, oxidizes to ferric sul- 
fate.’ Depending upon the fineness of 
the coal, a few weeks to three months 
are required for this reaction to produce 
very corrosive conditions. The attack on 
carbon steels by ferric sulfate is severe; 
however, steels containing 12 percent 
or more of chromium are practically 
immune to attack. Thus, for coal bunk- 
ers, AISI Type 410 (11.5-13.5 percent 
Cr) stainless steel is the ideal construc- 
tional material. 


Coal Chutes 

The corrosion rate of carbon steel im- 
mersed in water that is saturated with 
air decreases markedly with time. The 
corrosion rate for the first hour is about 
250 mils (0.25) inch per year; for the 
first month it is 11 mils per year, and 
for the first year about 4 mils per year. 
When used under moist conditions, and 
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Galvanized Copper Lined AIS! Type 304 
Steel Tube Steel Tube Stainless Steel 
Tube 
Figure 1—Sections of primary-cooler tubes after a 28-month exposure. 
TABLE 1—Corrosion of ee Tubes 
- : 7 ——— = ‘i - = = 7 a 
| | Wall | Maximum Estimated 
Compartment) Length of | Thickness, Pit Depth, Service 
MATERIAL Number | Service, Yr. Inches Inches Life, Yr. 
Galvanized Steel 1 st 0.1203 0.080 3.5 
Copper-Lined Steel? . . 1 2.3 0.0354 0.009 13 
Type 304 Stainless Steel l 2.3 0.125 None ” fndeGaeite ly 


1 Water temperature 160 F. 

2 Lining was 99.6 percent copper. 
3 Exclusive of coating. 

§ Thickness of copper lining. 


locations where a protective rust film 
cannot form, carbon-steel or low-alloy 
steel equipment may have long-range 
corrosion rates approaching the 250 mils 
per year value. If steel equipment, such 
as a coal chute, is subjected to flowing 
moist coal, a nearly rust-free metal sur- 
face that is continuously attacked by the 
corrosives in the coal, results. The at- 
tack is very severe even with freshly 
mined coal, and is higher if ferric sul- 
fate has had time to form during stor- 
age periods. 

Steels with more than 12 percent 
chromium do not depend upon built-up 
rust films to slow down or prevent at- 


tack by water or coal leachings. This 
explains why service tests have shown 
that Type 410 steel gives many times 


the life of carbon and low-alloy steels 
when it is used as the bottoms of coal 
chutes. High labor costs for replacement 
ot carbon-steel low-alloy steel parts, 
and loss of production through down- 
time, more than offset the initially 
higher costs of the most economic of 
the stainless steels for this or somewhat 
similar installations. Service tests are 
necessary to determine the most eco- 
nomic steel, if previous experience does 


not do so 


Coke Ovens 

The coke ovens normally are not cor- 
roded to any extent because the exterior 
steel work exposed to the coal-chem- 
ical-plant atmosphere is usually warm 
enough to prevent condensation of mois- 
ture on the metal surfaces. The interior 
steel work, for the most part, is pro- 
tected from the hot gases by silica 
brick.t Some attack on the carbon-steel 
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hoppers of larry cars, which are used 
to charge coal to the ovens, is experi- 
enced. Because these hoppers are sub- 
ject to abrasion-corrosion by coal, the 
use of hoppers constructed of Type 410 
has proved economical. 


Corrosion by Chemicals 


Primary Coolers 


In primary coolers, the gases and 
vapors which were initially cooled in the 
“collecting” mains after leaving the coke 
ovens, are cooled from a temperature 
of about 200 F to a temperature of about 
100 F. In the direct type of cooler, the 
gases are cooled by contact with “am- 
monia liquor,” and in the indirect type 
by contact with metal tubes through 
which cooling water passes. 

At one coal chemical plant, 30  in- 
direct primary coolers, each having 
about 2700 galvanized-steel tubes, uti- 
lize a total of 40 million gallons of water 
per day. The insides of the tubes in the 
eight compartments of each cooler are 
exposed to river water treated with lime 
to raise the pH to about 4.5. Further 
treatment of the water, which is con- 
taminated with acid drainage from old 
coal mines, is uneconomical because the 
water is not recirculated. Severe corro- 
sion occurs on the interior surfaces of 
2-inch galvanized-steel tubes that are in 
the four warmest compartments, where 
the water reaches a maximum tempera- 
ture of about 160 F. The service life 
of tubes in these compartments is about 
3 to 5 years, whereas in the other com- 
partments the average life of the tubes 
varies from 10 to 15 years. Corrosion 
of exterior surfaces of the tubes is neg- 
ligible. 
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Because it was believed that substan- 
tial savings in maintenance and replace- 
ment costs could be realized by using 
materials more resistant to corrosio1 
than galvanized steel, a 3-phase corro 
sion-testing program was initiated. I) 
the first compartment (hot-end) of 
cooler, a service test of AISI Type 304 
(nominally 18 percent Cr-9 percent Ni) 
stainless-steel tubes, copper-lined stee 
tubes, and galvanized-steel tubes was 
started. Concurrently, a corrosion-rac! 
test was conducted to obtain informa 
tion on the corrosion resistance of vari 
ous constructional materials exposed t 
hot river water. Subsequently, to obtaii 
heat-transfer data, two experimental 
heat exchangers, one with Type 304 
steel tubes and one with galvanized- 
steel tubes were operated in parallel 
with the primary coolers. 

The results of the service test are 
presented Table 1, and those of the 
rack test are shown in Table 2. Figure 
1 shows a center section of each type 
of tube at the end of the service test. 
It was estimated from the results of the 
service test, Table 1, that galvanized- 
steel and copper-lined steel tubes would 
have service lives of about 3.5 and 12.7 
years, respectively. Type 304 steel tubes 
would apparently have indefinitely long 
service lives. These conclusions are in 
agreement with the results of the rack 
test, Table 2. 

Examination of the Type 304 steel 
tubes and the galvanized-steel tubes, 
after removal from the plant coolers and 
from the experimental heat exchangers, 
showed that the stainless-steel tubes 
were practically scale-free, whereas the 
valvanized-steel tubes were heavily 
scaled. The average thickness of scale 
in the primary-cooler tubes is shown in 
Table 3. The heat-transfer data indicate 
that in the four warmest compartments 
of the plant coolers, Type 304 steel 
tubes, because of their nonscaling and 
nonrusting characteristics, will transfer 
up to 35 percent more heat than gal- 
vanized-steel tubes. Thus, the use of 
Type 304 steel tubes will permit a con- 
siderable reduction in the required num- 
ber of tubes. 

The first four compartments of the 
present primary coolers will be rede- 
signed and rebuilt to afford maximum 
use of the advantages of Type 304 steel 
tubes. New primary coolers are also 
being constructed with Type 304 steel 
tubes in the warmest compartments. It 
is estimated that the use of Type 304 
steel tubes will result in substantial 
yearly savings. 


Ammonia Saturators 

After the coke-oven gas leaves the 
primary coolers, it is reheated prior to 
its entry into the ammonia saturators. 
The gas is bubbled through an aqueous 
solution saturated with ammonium sul- 
fate and containing about 4 to 8 percent 
free sulfuric acid. Crystals of ammonium 
sulfate precipitate from the saturated 
solution, and are continuously with- 
drawn in the form of a slurry from the 
bottom of the saturator.* Chemical-lead 
linings, while still used in a number of 
saturators, are subject to mechanical 
failure as well as to localized corrosion 
and the abrasive action of ammonium 
sulfate crystals. 

Pogacar and Tice’ have presented the 
results of corrosion tests in ammonia 
saturators. Their data indicate that the 
most economical constructional material 

Type 316 (nominally 17 percent Cr- 
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12 percent Ni-2.5 percent Mo.) The use 

tf Type 316L (0.03 percent maximum 
carbon) in the saturators at the authors’ 
‘ompany’s plants has minimized corro- 
ion and mechanical maintenance prob- 
ems, and has permitted improved de- 
sign and operation, 


Light-Oil Recovery Equipment 

In the light-oil scrubbers the “light 
il” is absorbed from the coke-oven gas 
xy direct contact with a “wash oil.” 
(Light oil contains benzol, toluol, and 
xylol plus minor amounts of other con- 
stituents, all of which have boiling 
points below 200 C.) The resultant mix- 
ure of wash oil and light oil is pre- 
1eated as it passes through a series of 
1eat exchangers prior to its entry into 
the light-oil stripping still. In the strip- 
ping still, the light oil is steamed- 
listilled at a temperature of about 284 
F to 320 F, and subsequently cooled 
ind separated from entrained wash oil 
and water. The wash oil leaving the 
bottom of the stripping still then passes 
through a series of heat exchangers for 
the recovery of latent heat and then 
passes to storage. From storage, the 
wash oil is returned to the light-oil 
scrubbers for the removal of additional 
light oil from the coke-oven gas.‘ 

Most of the company’s plants make 
use of a petroleum oil for this purpose, 
although a creosote oil (a coal-tar frac- 
tion) is used in one plant. At those 
plants utilizing petroleum wash-oil, only 
minor corrosion problems have been en- 
countered in the light-oil recovery equip- 
ment. However, where creosote oil is 
used, both in this country and in 
Europe, severe corrosion problems have 
been encountered. Various investiga- 
tors,”"* have attributed the corrosivity 
of creosote wash-oil to ammonium thio- 
cyanate, and have pointed out that in- 
complete ammonia recovery from the 
coke-oven gas contributes to the forma- 
tion of such corrosives in the oil. 

Recently, at a plant utilizing the creo- 
sote wash-oil, corrosion failures of 
carbon-steel heat cate and pipe- 
lines in the wash-oil system occurred 
more and more frequently. Failures also 
were encountered in equipment con- 
structed of Type 410 steel. (Some cor- 
roded portions of plant equipment are 
shown in Figures 2 and 3.) Both labo- 
ratory and plant investigations were un- 
dertaken to ascertain the causes of the 
severe corrosion, and to determine the 
design and process conditions required 
to minimize corrosive attack. The results 
of the laboratory investigation indicate 
that the presence of water and thio- 
cyanate compounds (principally ammo- 
nium thiocyanate) in the wash oil is the 
major cause of the rapid corrosion of 
carbon-steel equipment, as shown in 
lable 4. 

Preliminary results of plant tests in- 
dicate the same conclusions. One of the 
factors contributing to the corrosivity of 
the oil is its tendency to form emul- 
sions with water. Water, which enters 
the wash-oil system as a result of con- 
densation or of leakage, is difficult to 
remove by means other than distillation. 
The emulsified water, apparently asso- 
ciated with solids in the oil, can accum- 
ulate in the system and serve as a car- 
rier for corrosive substances. The effect 
of the presence of water and thiocyanate 
compounds in creosote wash-oil on the 
corrosion of carbon steel is shown by 
the results of laboratory tests, Table 5. 
Furthermore, ammonia, if not almost 
completely removed from the coke-oven 
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Figure 2—AISI Type 410 stainless steel bubble caps 
after a 1-year exposure in a light oi! stripping still. 


TABLE 2—Corrosion-Rack Tests’ 


mq Length off Corrosion 
| Exposure, | Mils per 
MATERIAL 
| 
aa 
| 








Year | Year 

Type 302 Stainless Steel. l 0 
Type 410 Stainless Steel.... l | 3 (Pitted) 
Admiralty Brass. 1 | 5 
COMES, 5 ocee we oonieue: 1 3 
Copper Coupled to Steel. . 1 0.3 
Structural Carbon Steel... . 1 39 
Structural Steel attached to 

COMMER. cixs.ccan se Recs 1 65 
Structural Copper Steel... . 1 | 40 
Galvanized Steel...... : 0.5 | 142 








1 Water temperature 160 F. 7 
2 Duplicate specimen lost at end of year. 


gas, can react with sulfur and cyanide 
compounds to form additional corro- 
sives. 

Corrosion-rack tests were conducted 
in a light-oil stripping still to ascertain 
the resistance of various constructional 
materials to corrosion by the creosote 
wash-oil. The results of these tests, 
Table 6, show that Type 304 and 316 
stainless steels were relatively unat- 
tacked. 

On a basis of these findings, process 
changes were made to minimize the 
presence of water, ammonia, and corro- 
sives in the wash oil and to prevent fur- 
ther contamination of the oil. Heat 
exchangers constructed of Types 304 
and 316 were installed in place of cor- 
roded carbon-steel exchangers. Severely 
corroded pipe lines were also replaced 
with stainless-steel pipe. The light-oil 
stripping stills (carbon steel), which 
failed after about one year of service, 
were replaced with stripping stills con- 
structed of Type 304. Since the institu- 
tion of the process changes and the sub- 
stitution of stainless-steel equipment for 
the carbon-steel equipment about one 
year ago, corrosion in the wash-oil sys- 
tem has been greatly minimized. It is 
believed that the substitution of stain- 
less steel for carbon steel in certain crit- 
ical pieces of equipment will ensure un- 
interrupted production during periods 
when ammonia recovery is not complete 
and when water pick-up by the wash oil 
occurs. 


Tar Stills 

The tar that is removed frorm the 
coke-oven gas in the collecting mains is 
combined with the tar removed in the 
primary coolers. After dehydration, the 
tar is heated to a temperature of about 
752 F in a tar heater containing Type 
316 stainless-steel radiant tubes and 
carbon-steel convection tubes. The tar 
leaving the heaters enters the tar still, 
where it is fractionated into so-called 
carbolic oils, creosote, and pitch. The 
carbolic oils are further treated for the 
recovery of naphthalene, pyridine 


Figure 3—Carbon steel nozzle after a 7- month ex- 
posure in a light oil stripping still. 


TABLE 3—Amount of Scale 
Cooler Tubes’ 


in Primary- 














| Average 
| | Compart-| Length of| Scale 
ment | Service, |Thickness, 

MATERIAL Number Pe ¥e. Inches 

Galvanized Steel = a 23 | 0.110 
Copper-Lined | 

Steel. «<3 0s | a 0.007 
Type 304 Stain- | | 

| 2.3 | 0.003 


less Steel... .. | 1 





1 awe ater temperature » 160 F. 
2 Lining was 99.6 percent copper. 


“bases” (pyridine and its homologues), 
and tar “acids” (phenolic compounds). 
The cast-iron bubble caps in cast-iron 
tar stills usually last about two years. 
The results of corrosion-rack tests con- 
ducted in one of these tar stills indicate 
that Type 316 would be a much more 
corrosion-resistant material. A service 
test of Type 316 bubble caps in the tar 
still is in progress, and after more than 
one year of exposure, the bubble caps 
show little evidence of corrosive attack. 
The results of the rack tests are illus- 
trated graphically in Figure 4, which 
also shows the percentage of inorganic 
chlorides in each tar fraction, as based 
on the chloride content of the material 
fed to the still. The most severe corro- 
sion occurred near the center portion 
of the still where the temperature is 
about 482 F and where the concentra- 
tion of chlorides is greatest. The corro- 
sivity of coal tars is believed to be 
related to the presence of these chlo- 
rides (associated with small droplets of 
moisture in the tar) and to organic ma- 
terials, possibly tar acids.*® 
On the basis of the above results, two 
new Type 316L steel tar-stills will be 
constructed. In the tar stills, the use of 
Type 316L (0.03 percent maximum car- 
bon) would be required to eliminate the 
effects of welding or improper heat- 
treatment. A stress-relieving treatment 
f Type 316L steel tar stills is desirable 
to minimize the dangers of stress-corro- 
sion cracking. 


Pyridine Rectifier—Tar Plant 

By far the greatest amounts of pyri- 
dine bases are recovered from the tar 
that is removed from the coke-oven gas 
prior to its entry into the saturators, The 
bases are usually recovered from the 
lower-boiling oils (so-called No. 1 car- 
bolic oil) evolved during the distillation 
of the tar. The oils are washed with a 
caustic soda solution to remove tar 
acids, and then with 15 to 30 percent 
sulfuric acid to remove the pyridine 
bases. After the acid washing, water, 
naphthalene, and tarry compounds are 
removed by evaporation at temperatures 
of 176 to 212 F in a lead-lined steel rec- 
tifier.* The oil is then neutralized with 
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Figure 4—Corrosion of cast iron and Type 316 stain- 
less steel in a tar still. 


ammonia, and the pyridine compounds 
are recovered by azeotropic distillation 
with benzene followed by fractional dis- 
tillation. 

Corrosion-rack tests were conducted 
in both the liquid and vapor phases in 
the rectifier to ascertain whether mate- 
rials other than lead could be used. The 
results of these tests, Table 7, indicate 
that chemical lead was considerably 
more resistant than the stainless steels. 


Conclusions 


The atmospheric corrosion of carbon 
steel depends upon the environment. To 
minimize the corrosive attack, copper 
steels and high-strength low-allow steels 
are frequently used for outside struc- 
tural-steel work, and stainless steels are 
used for roofing and siding applications. 
However, the economics of using such 
materials must be determined by serv- 
ice tests, 

Moist coal is very corrosive to car- 
bon steel, but does not attack steels con- 
taining more than 12 percent chromium. 
Theretore, AISI Type 410 stainless steel 
has been found to be the ideal construc- 
tional material for coal-handling equip- 
ment such as coal bunkers and coal 
chutes. 

Process waters and chemicals may 
cause severe corrosion of carbon-steel 
plant equipment. Stainless steels such as 
AISI Types 304 and 316 have been 
found to be economically resistant to 
corrosive attack in primary coolers, am- 
monia saturators, tar stills, and light- 
oil recovery equipment, but should be 
used only in locations where plant cor- 
rosion tests have shown the use of these 
steels to be justified. 

To permit the proper selection of con- 
structional materials, comprehensive 
corrosion-testing programs should be 
conducted. To be of the greatest value, 
corrosion tests must be conducted in 
full-scale plant equipment or in pilot- 
plant equipment under conditions simu- 
lating as nearly as those of 
production equipment. Laboratory test- 
ing may be necessary tor controlled- 
variable corrosion tests. 


possible 
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TABLE 4—Corrosion Rate of Carbon Steel Exposed to Samples of Creosote Wash Oil’ 





a = = 
| 
ADDITIVE 


None. 


Ammonium Thiocy anate? (N HaSCN) ihe. ois kp aie toseial 


Guanidine T hiocyanate? (CHsN3° HSC N). 


| 
| 
ce nS ENE TE NTN | 
| 
| 


Quinoline Thiocyanate? (C9H7N ° HSC N) 





1 Temperature 320 F. 
2 Found to be present in creosote wash oil. 
3 May be present in creosote wash oil at times. 


TABLE 5—Corrosion Rate of Carbon Steel 
Exposed to mangtes of Creosote Wash Oil’ 








CORROSION RATE, 
Thiocyanate | Water MILS PER YEAR 
Concentration,; Content, |—— -----—- 
Grams per — Percent Liquid Vapor 
Seeenineneinnsinnftnatannimtmnens| —— 
w: 13 | 345 12 
Si 1 | BE} 3 
2 | 1 | 5 4 
cs. | 0.7 | 4 2 


| } 


1 Temperature 320 F. 
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DISCUSSIONS 


Comments by J. M. Bialosky, Koppers 

Company, Inc., Verona, Pennsylvania: 
Coal tar may be dehydrated prior to 
distillation by decantation, which re- 
moves the water and the dissolved cor- 
rosive chemicals, or by heating, which 
removes the water but concentrates the 
salts in the tar. 

Corrosion of wash-oil equipment is 
usually due to sulfur and cyanide com- 
pounds. The action may be accelerated 
by sludges which form by the polymeri- 
zation of unsaturated cyclic compounds 
that are adsorbed in the oil. The poly- 
merization is catalyzed by free sulfur 
formed by reaction of oxygen with sul- 
fur compounds, Gas blanketing of stor- 
age tanks will minimize the oxygen in 
the oil. 


Reply by W. L. Mathay: 

We are 
losky’s 
Question by R. McFarland Jr., Hill- 


McCanna Company, Chicago, Illinois: 
What is the 


fully in accord with Mr. Bia- 


comments. 


mechanism for the corro- 


CORROSION RATE 


Thiocyanate MILS PER YEAR 
Concentration a 
Grams per Liter Liquid Vapor 
| 16 9 
10 | 367 38 
10 | 184 30 
10 | 15 21 


TABLE 6—Corrosion-Rack Tests in Light-Oi 
Stripping Still 











Cor- 
rosion 
Rate 
Rack Mils per 
MATERIAL Location Year 
Carbon Steel...........| Bottom of Still 51 
| (Liquid) 
Type 502 Stainless Steel.| Bottom of Still 40 
(Liquid) 
Type 410 Stainless Steel.| Bottom of Still 7 
(L iquid) 
iene 430 Stz slaahees: Steel Bottom of Still. 2 
(Liquid) 
Type 304 Stainless Steel.| Bottom of Still 0.2 
(Liquid) 
Type 316 Stainless Steel.| Bottom of Still 0.2 
(Liquid) 
Carbon Steel........... T op of Still 118 
(Liquid) 
Type 502 Stainless Steel. Top of Still 70 
(Liquid) 
Type 410 Stainless Steel.| Top of Still 3 
(Liquid) 
Type 430 Stainless Steel.| Top of Still a 0.6 
| (Liquid) 
Type 304 Stainless Steel.| Top of Still | 0 
(Liquid) 
Type 316 Stainless Steel Top of Still | 0 
| (Liquid) | 





TABLE 7—Corrosion Rate of Materials in 
Pyridine Rectifier-Tar Plant 





| CORROSION RATE 

| MILS PER YEAR 
MATERIAL | Liquid Vapor 
Type 304 Stainless Steel. 79 | 25 
Type 304L Stainless Steel 72 | 24 
Type 316 Stainless Steel. 50 8 
Type 430 Stainless Steel. * | 48 
Type 446 Stainless Steel. | * | 35 
RE ho tiacnateaan oe 1.3 | 1.6 


‘| | 


* aia oneeeiad so badly it fell from test : anal 
1 Lead specimen was typical of that used in this 
equipment. 


sion of carbon steel by ammonium thio- 


cyanate?’ 


Reply by W. L. Mathay: 


Cawley and Newall (“The Corrosive 
Action of Benzol Absorption Oils,” 
Journal of the Society of Chemical Indus- 
try, 64, 285-290 (1945), October), have 
proposed the following mechanism for 
the corrosion of carbon steel by ammo- 
nium bisulfate: 

2 Fe +4NH.SCN + O.=2 
+4NH:+2H:O0 
9 Fe (SCN)2-+ 16 Fe = 18 FeS 
+ Fey(Fe CoNe)s (Prussian Blue) 
We belive that these reactions are essen- 
tially correct because we have identified 
the end products of the second reac- 
tion, ferrous sulfide, and Prussian Blue, 
in creosote wash-oil sludge. 


Fe(SCN)- 
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Heat Transfer Through Coated Metal Surfaces* 


Introduction 
ROTECTION of. existing metal 
heat transfer surfaces against cor- 

‘osion is a frequently encountered in- 
lustrial problem. Applying a protective 
‘oating is an obvious solution in exist- 
ng systems where corrosion inhibitors 
ire not used. However, objections fre- 
juently are raised to coatings on the 
zrounds that heat transfer will be 
lecreased. For this reason it is desir- 
able to know what effect coatings will 
have on heat transfer. 


Theoretical Considerations 
The basic equation in the transfer 
f heat between two media which are 
separated by a wall is: 


Q=UA (A Tn) (1) 


“U” the overall coefficient, in Equa- 
tion (1) can be calculated by the use 
of empirical correlations!? for deter- 
mining the value of heat transfer co- 
efficients of the films and the heat 
conduction through the uncoated metal 
wall. 

If a coating is applied to a surface 
the effect is to add a deterrent to heat 
transfer along with the film coefficients 
and the heat conduction through the 
metal wall. The quantitative effect of 
adding the coating is calculable also. 

The effect of application of a thin 
protective coating to a metal is small 
for low and medium coefficient heat 
transfer systems. Use of coatings for 
high coefficient systems will result in 
sharp drops in the amount of heat trans- 
ferred. Examples of the various coeffi- 
cient systems are: 

Low: Gas to gas exchangers— 
Boiler economizers. Liquid to 
gas exchangers—Hot water 
radiators 

Medium: Liquid to liquid ex- 
changers—Coolers or heaters 


High: Vapor to liquid exchang- 
ers—Steam heaters or con- 
densers 


Experimental Procedure 

In order to evaluate the effect of the 
application of a thin coating on a metal 
heat transfer surface, the apparatus 
shown in Figure 1 was constructed. 
The heat exchangers were simple dou- 
ble pipe types as shown in Figure 2. 
Hot, fresh water (inhibited with 2000 
ppm sodium chromate) was pumped 
through the inside pipes and uninhibited 
fresh, cold water flowed through the 
annuli. The hot water was constantly 
recirculated, but the cold water was 
used only once. 

Measurement of heat transfer coeffi- 


% Submitted for publication November 16, 
1956. A paper presented at the Thirteenth 
Annual Conference, National Association of 
Corrosion Engineers, St. Louis, Missouri, 
March 11-15, 1957. 


By ROBERT P. LEE 


ROBERT P. LEE—Head of Corrosion and 
Materials sngrecenen Section of the Na- 
tional Lead Company, Titanium Division, 
South Amboy, New Jersey. He also has 
worked as Research Chemist and Develop- 
ment Engineer for the same company. Mr. 
Lee holds degrees from Polytechnic Institute 
of Brooklyn and Columbia University. 


cients was desired. rear- 


ranged to 


Equation 1, 


Q 


, eee 2 
U ; A (A Fu) (2) 
which was used to measure the coeffi- 
cients. A, the heat transfer area, is 
known. ATm, the log mean temperature 
difference, can be calculated from meas- 
ured temperature values as follows: 


(tet) = (ut) 
a3 log (ts a te) 


Q = Heat transferred, BTU/hour 

A = Area of wall normal to direc- 
tion of heat measurement, sq ft 

ATm = Log mean temperature differ- 

ence, degrees F 

t: = Temperature of cold water into 
annulus, degrees F 

te = Temperature of cold water out 
of annulus, degrees F 

ts = Temperature of hot water into 
pipe, degrees F 

ts = Temperature of hot water out 
of pipe, degrees F 


© can be calculated by: 
Q=W (t.-— ti) or Q = W (t.—tts) (4) 


where W is the water flow rate in 
Ibs/hour. 

The measurements were first made 
with the outside surface of one interior 
steel pipe coated with 4 mils of a 
baked phenolic finish. The other ex- 
changer’s interior pipe was also steel 
but was not coated. In this way meas- 
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Abstract 
Tests were conducted to determine 
what effect protective coatings would 
have on heat transfer of metal sur- 
faces. Experiments involved the use 
of a 4-mil thick phenolic coating and 
a 15-mil thick vinyl coating on heat 
exchangers. It was found that applica- 
tion of thin coatings to such surfaces 
in low_to medium coefficient systems, 
not only decreases corrosion but also 
gives higher heat transfer rates than 
ultimately experienced with corroded, 
uncoated metal surfaces. This is true 
even though a somewhat lower heat 
transfer coefficient exists initially for 
the coated surface. 7.4.1 


urements were obtained for coated and 
uncoated steel surfaces at the same time. 
_ The variations of the coefficients with 
time are shown in Figure 3. The un- 
coated pipe’s coefficient decreased rap- 
idly as a rust deposit built up on its 
outside surface. On the other hand the 
phenolic coated pipe’s coefficient re- 
mained constant. The uncoated pipe’s 
initial coefficient was higher than that 
of the coated pipe. However, after about 
three days the accumulating rust de- 
posit had caused a decrease in the 
former to make both coefficients equal. 
The uncoated pipe’s coefficient con- 
tinued to fall rapidly to a value about 
half that of the coated pipe’s coefficient. 
The constant value reached after eight 
days measurements on the uncoated 
pipe is attributed to equal rates of new 
rust formation and rust removal by the 
increased velocity of cold water flow. 

A second, thicker coating (15 mils), 
a vinyl-aluminum type, was also studied. 
Results of these tests are plotted in 
Figure 4. The same heat transfer char- 
acteristics were noted. The initial un- 
coated coefficient was higher than the 
coated one. As was noted with the steel- 
phenolic unit the coated coefficient 
remained constant and the uncoated 
coefficient fell as rusting progressed 
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Figure 1—Apparatus used in evaluating the effect 
of the application of thin coatings on a metal 
heat transfer surface. 
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Figure 2—Double pipe type heat exchangers. 


until it was lower than that of the 
coated The overall coefficient of 
the steel-phenolic system is higher than 
that of the steel-viny] This is 
attributed to the decreased coating 
thickness (4 mils as compared to 15 
mils for the vinyl coating.) 

It was felt that the laboratory evi- 
dence warranted a field trial. Accord- 
ingly a field test was made in which 
a three coat* vinyl (without aluminum) 
system was applied to the water side of 
cast iron process liquid cooler, This is 
a low coefficient system due to the low 
water velocity used. Although no meas- 
urement of coefficient was made, the 
measured capacity of the unit was not 


one. 


system. 


*One primer coat (red lead), plus two top 


coats. 
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Figure 3—Variation of overall coefficient with time 
for coated (4 mils) and uncoated pipe. 


decreased by the coating. Furthermore, 
life was increased indefinitely by peri- 
odic recoatings whereas serious pits had 
developed in one year prior to coating. 


Conclusions 

Application of thin coatings to metal 
heat transfer surfaces, in low to medium 
coefficient systems, not only decreases 
corrosion but gives higher heat transfer 
rates than ultimately experienced with 
corroded, uncoated metal surfaces. This 
is true even though a somewhat lower 
heat transfer coefficient exists initially 
for the coated surface. 
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DISCUSSION 
Question by A. C. Levinson, Phillips, 
Texas: 
Have you done any work with ceramic 
coatings on thermowells for high tem- 
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Figure 4—Variation of overall coefficient with tim 
for coated (15 mils) and uncoated pipe. 


perature application? What effect di 
the coating have on recorded tempera 
ture? 


Reply by Robert P. Lee: 

Although no work was done it may b« 
pertinent to comment that heat transfet 
at high temperatures, where ceramics 
are required, is not dependent on the 
mechanisms referred to in the paper 
Radiation is a much greater factor. 


Questions by Robert E. Moore, Jr., 

Orange, Texas: 

1. How would the heat transfer through 
a surface be affected by a calcareous 
coating laid down by impressing a 
high current density on the surface? 

2. How would such a heat transfer co- 
efficient compare with the coefficient 
of a corroded surface? 


Replies by Robert P. Lee: 

1. Heat transfer would be 
probably in an amount proportionate 
to the coating’s thickness. 

2. No data are available. 


Any discussions of this article not published above 


will appear in the June, 1958 issue 
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Reaction of Certain Chlorinated Hydrocarbons with Aluminum” 


By A. C. HAMSTEAD, G. B. ELDER and J. C. CANTERBURY 


Introduction 
OUTINE LABORATORY studies 


were conducted in the mid-1930’s 

, determine suitable materials for the 

orage and shipment of a large number 

‘refined chemicals, In accelerated tests 

the boiling temperature of the solu- 
ons it was observed that aluminum was 

ymetimes attacked in a “catastrophic” 
ianner by chlorinated chemicals such as 
irbon tetrachloride, the dichlorides of 
ropylene and ethylene, and by the cor- 
esponding chlorohydrins of these un- 
aturates, The reaction was accompanied 

y liberation of heat and the evolution 
t large volumes of gaseous products. 
‘he corrosion product reacted vigor- 
usly with water. 

Some of these tests were repeated with 
\uite variable results. Detailed studies of 
he reaction were not made at that time 
o determine the reasons for the variable 
esults, but it was recognized that a po- 
tential hazard existed in the use of alu- 
minum for handling these chemicals. 

In spite of the precautionary measures 
recommended as a result of the labora- 
tory tests, reports have been received of 
iluminum inadvertently being used for 
handling propylene dichloride. In one 
important recent occurrence propylene 
lichloride was being handled in a Type 
3003 aluminum line on a warm summer 
lay. Work was discontinued in the early 
morning hours with the expectation that 
it would be resumed later in the day. For 
that reason the line was not drained, At 
2 p.m. workmen nearby observed that 
the line was extremely hot and smoking. 
Che abnormal condition of the line was 
reported immediately, but before the sit- 
uation could be brought under control 
perforation occurred in many places re- 
leasing liquid and copious white fumes at 
high pressure that had developed inside 
the line from the corrosion reaction. 

Fortunately, workmen attempting to 
prevent failure of the line were aware 
of its possible rupture and were prop- 
erly protected so that no personnel in- 
jury or fire resulted. The line and all 
aluminum supporting structures in the 
immediate vicinity were corroded to de- 
struction. The manner and extent to 
which the line was corroded is_ illus- 
trated in Figure 1. 

A time-sequence study of the propy- 
lene dichloride-aluminum reaction was 
made in the laboratory following fail- 
ure of the aluminum line to illustrate 
the nature and rapidity with which this 
reaction may occur once conditions for 
initiation have been established. The re- 
action described for propylene dichlor- 
ide is typical of that which has been 
observed for the other chlorinated hy- 
drocarbons previously mentioned. 


Laboratory Test Procedures 
Refined propylene dichloride of the 
tollowing analysis passing commercial 
specifications was used in the tests: 


Specific gravity: 1.1582 
Acidity, percent HCl: 0.0002 
Cold test, degrees C: OK 





* Submitted for publication June 14, 1957. 
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Color, platinum-cobalt st’d: 5 

Standard distillation @ 760 mm 
LBP. 94.5 
50 ml 97.7 
EP. 97.5 


The laboratory test apparatus is 
shown in Figure 2, and consisted of a 
1-liter Erlenmeyer flask with ground- 
glass joint fitted with a 12-inch air- 
cooled and 12-inch water-cooled con- 
denser. 

Aluminum 3003 specimens 1-inch wide 
by 3 inches long by %-inch thick were 
machined from standard mill sheet, 
cleaned, weighed on an analytical bal- 
ance and suspended in the manner 
shown at three locations in the test 
apparatus containing 800-ml of the re- 
fined propylene dichloride. Heat was 
provided for the reaction by means of 
an electric hot plate. Significant changes 
in the appearance of the solution and 
test specimens were recorded and pho- 
tographed in sequence from the time 
the temperature of the solution reached 
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Abstract 
A_ Type 3003 aluminum transfer line 
failed completely after only a few hours 
service in refined propylene dichloride. 


Following this failure a time-sequence 
study was made in the laboratory of the 
propylene dichloride-aluminum reaction 
to illustrate the nature and rapidity with 
which this reaction may occur once con- 


ditions for initiation have been estab- 
lished. Significant changes in the appear- 


ance of the solution and test specimens 


were recorded and photographed in se- 
quence from the time the temperature of 
the solution reached the boiling point 
until the reaction had subsided suffi- 
ciently to 1emove the test specimens. 
Test specimens were reweighed at the 
end of the reaction and the corrosion 


rates calculated from the weight loss. 

It has been found that chlorinated hy- 
drocarbons have been handled success- 
fully in aluminum under certain limits of 
product purity, time, temperature and 
condition of metal surface. It was rec- 
ommended, however, that aluminum not 
be used as a material of construction for 
chlorinated hydrocarbons until these 
limits have been more clearly defined. 

4.4.5 


the boiling point until the reaction had 
subsided sufficiently to remove the test 
specimens. 

The test specimens were reweighed 
at the end of the reaction and the cor- 
rosion rates calculated from the weight 
loss. 


Description of the Reaction 

In less than six minutes after the 
boiling temperature was reached a sud- 
den pink coloration of the solution de- 
veloped. Following this discoloration, 
liquid which had collected along the 
edges of specimens exposed in the vapor 
space and condensate, began to effer- 
vesce and form black deposits with sub- 
sequent leaching of a dark brown liquid 
from the active metal areas which 
quickly discolored the entire contents 
of the test flask. Shortly thereafter, al- 
though the heat from the hot plate was 
turned off, the solution in the test flask 
began to effervesce vigorously and spill 
out the top of the condenser with con- 
siderable force along with dense white 


fumes having the odor of hydrogen 
chloride. 
When effervescence subsided, heavy 


brown fumes were emitted from the top 
of the condenser (Figure 2). At the end 
of the reaction the test specimens were 
coated with a greasy black corrosion 
product and the remaining liquid in the 
flask was converted to a heavy viscous 
tar-like product. 


Discussion of Results 

Stern and Uhlig" studied the corrosion 
of aluminum in boiling carbon tetra- 
chloride, confirming the work of earlier 
investigators’ that corrosion proceeds by 
direct chemical reaction yielding alu- 
minum chloride and hexachlorethane as 
follows: 


2 Al+6CCh — 2 AICI; + 3 C2Cle 


They further demonstrated ‘that an in- 
duction period or delay exists before the 
onset of attack. In later studies. they 
proposed a mechan‘sm of attack con- 
ciuding that the reaction is initiated by 
the formation of active free radicals 


(CCl;* and the complex CCl*[AIChI~) 
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Figure 1—View of corroded sections of 4-inch OD 
aluminum 3003 transfer line after several hours 
service in refined propylene dichloride. 
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Vapor 
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Figure 3—View of aluminum 3003 test specimens 

after 40-minute exposure in boiling propylene 

dichloride. At right is view of unexposed specimen 
of same size as those used in the test. 


taking prominent part in the chain re- 
action leading to the final corrosion 
products, aluminum chloride and hexa- 
chlorethane. The induction time by the 
boiling solution was found to be de- 
pendent upon the time necessary to re- 
move oxygen from the solvent, the nat- 
ural protective oxide film on aluminum, 
and the presence of corrosion product* 
(AICI). 

In nearly all respects the reaction of 
aluminum with propylene dichloride re- 
sembled that which has been described 
and reported by Stern and Uhlig for the 
carbon tetrachloride-aluminum reaction. 
However, once this reaction is initiated 
the rapidity of attack on the metal by 
propylene dichloride appears to be much 
greater than that described for the 
carbon tetrachloride-aluminum reaction. 

Figure 1 shows how the 4-inch alu- 
minum line was destroyed by corrosion 
within a few hours by attack from pro- 
pylene dichloride. The consequences of 
such attack would have been much 
more serious had it occurred in the case 
— this chemical being stored in an 
aluminum storage tank, in aluminum 
river barges, or being transported on 
the highway in an aluminum tank truck. 

Figure 3 is a view of the test speci- 
mens after a total exposure time of 40 
minutes to the propylene dichloride- 
aluminum reaction. The specimen at the 
right in the photograph was not ex- 
posed in the reaction. This specimen 
was the same size of those that were 
exposed and is shown for comparison 
and to illustrate the rapidity with which 
the aluminum was corroded in the re- 
action. As a matter of theoretical inter- 
est, the actual weight loss of metal and 
corrosion rates calculated for the reac- 
tion time are given in Table 1. 
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Figure 2—Time sequence photograph of the reaction between propylene dichloride and aluminum. 


TABLE 1—Corrosion of Aluminum 3003 in Boiling Propylene Dichloride 


Weight specimen, start, Grams. seaieee 
Weight specimen, end, Grams........ 
Weight loss, Grams........ 

Average penetration in ipy 


Figure 2 is a photographic-time se- 
quence of the reaction showing the in- 
itiation of attack at the 6-minute time 
interval along the edge of the specimens 
exposed to the hot vapor and in the 
condensate. The nature and progress of 
this attack is clearly visible on the speci- 
mens exposed in the condensate up to 
the 14-minute time interval when the 
reaction became so vigorous that the 
solution could not be contained within 
the test flask. Note that after efferves- 
cence of the test solution had subsided, 
heavy brown fumes were emitted from 
the top of the condenser (time intervals 
20 and 25). 

It should be emphasized that the in- 
duction period or time to onset of rapid 
attack on aluminum by the chlorinated 
compounds varies greatly. This period 
has been observed to vary from 16 to 
120 hours in the case of boiling ethylene 
dichloride. In a test conducted a few 
days prior to the one reported herein, 
the induction period using the same 
propylene dichloride was 30 minutes for 
aluminum specimens which had_ been 
passivated by immersion in hot nitric 
acid and 45 minutes for specimens which 
had not been treated in this manner. 

All of the chlorinated hydrocarbons 
mentioned are relatively unstable and 
show a gradual increase in hydrochloric 
acid content with time of storage. Until 
the investigations of Stern and Uhlig, 
it was the authors’ belief that variations 
in results obtained were dependent pri- 
marily upon the extent of degradation 
of the chemical and to some extent on 
differences in the surface conditions or 
oxide film on the metal. However, no 
special attempts have yet been made to 
substantiate this belief, to explore the 
details of the chemical reaction, or to 
determine the limiting conditions under 
which this reaction may not occur, The 
results of the test, and experience cited 


Completely 
Immersed 


16.6628 


Liquid- 
Vapor 


16.6902 

6.6564 8.8860 

10.0064 7.8042 
281 227 


Condensate 


17.7160 
11.6548 





NOTE: Test interval—40 minutes; Surface area of specimens—6.63 square inches each 


in the case of propylene dichloride, do 
indicate that the attack may be initiated 
with very pure chemicals at tempera- 
tures below the boiling point and within 
relatively short times, and that the pro- 
tective oxide film on the metal surface 
does not perform a major part in delay- 
ing the reaction at the boiling tempera- 
ture of the solution, The reaction de- 
scribed has not yet been observed with 
any of the chlorinated solvents at indoor 
room temperatures of the laboratory. 


The authors’ chief interest and con- 
cern in this reaction arises from the 
numerous inquiries received within the 
plant on the advisability of handling 
these chemicals in aluminum storage 
tanks, river barges, tank trucks and 
drums, and also from occasional reports 
received that these chemicals have been 
successfully handled in aluminum with- 
out incident. Variations encountered in 
the corrosion process, coupled with the 
fact that the metal appears to be un- 
attacked at indoor ambient tempera- 
tures, makes it extremely difficult to 
accurately assess the suitability of alu- 
minum for handling these chemicals. It 
appears that within certain limits of 
product purity, time, temperature, and 
condition of metal surface these chemi- 
cals may be safely handled in aluminum. 
So far as is known these limits have 
not yet been well defined. Until this 
has been done the authors prefer to 
pursue a safe course in advising against 
the use of aluminum as a material of 
construction for chlorinated hydrocar- 
bons, 
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A New Dynamic Test Facility 
For Aqueous Corrosion Studies’ 


By S. GREENBERG,* J. E. DRALEY* and W. E. RUTHER* 





Introduction 
HE DEVELOPMENT of 
cooled nuclear reactors depends to 
a great degree on the availability of 
materials. 


water to 





this difficulty that 


overcome 


the 


present facility was designed and built. 


Abstract 


A new high pressure, high temperature 
dynamic aqueous corrosion test loop, is 
described. Maximum design operating 
conditions are 360 C, 3000 psia, and 
20-30 ft/sec velocity past test specimens. 














f suitable corrosion resistant Description of Loop The desan saved tor aemes Meats 
iheneve > 2 ‘cati i 2 > Tr . o,e . Ss alk °o r tlexibilt 
n. iC henever _ — re the Che design conditions are as follows: of operation and more precise control 
H ow of coolant past a metal surface, ae : of corrodent composition than had been 
! : ° . Maximum temperature: 3 ; a covgtnietaie 
i testing can be done only in equipment ee tape ature y 60 C obtained previously. 2.4.2 
which will provide suitable flow veloci- Maximum pressure: 3000 psia 
as eo ties. Maximum flow rate: 20-30 ft/sec 
Recirculating “loops” are useful for: es —— tally enclosed canned rotor type) cen- 
neate 1. Demonstrating the suitability SF ee ee trifugal pump. lo prevent boiling of the 
60 of components for operation The loop is described by the flow solution and cavitation in the pump it 
148 in the given environment. diagram (Figure 1) and the accom- _ iS necessary to maintain the pressure 
12 2. Studying the variables which panying parts list (Table 1). The cir- ee —— — = 
affect corrosi . . ¢ : es a e test temperature. 
tn affect corrosion. culating section of the loop is con- . eee eee Pp 
—= a : “1 seuucted ol © lacs O1k Yeew sida For previous loops this has been ac- 
he loop described here was built to structed o inch O.D. Type . staim- complished by means of surge or pres- 
provide maximum flexibility in accord- less steel tubing. The feed tanks are Of  surizing tanks heated to a temperature 
ance with ee see é. [ype 304L stainless steel. All joints are higher than that in the main circulating 
1 _ There has been considerable operat-  gither welded or Swagelok fitting joints. system. Since at the high pressures in- 
oe ing experience with loops in which sam- The main source of heat consists of rolved, the solubility of ses in water 
tiated ples have been tested in continuously. ‘ 1 rn “li sts 6 volved, the solubility of gases in wate 
ipera- purified water. These have had serious ™mersion reaters, Auxiliary heat is increases with increase in temperature, 
vithin limitations in the degree of control of | supplied by Monel sheathed resistance gas tends to migrate from the main 
: pro- solute concentrations, and it was chiefly wire wrapped around the tubing at lo- circulating system to the surge tank. 
nic eee cations remote from the samples. This makes precise control of gas con- 
coe: +e for publication September 16, Solution is circulated past the test tent very difficult and necessitates fre- 
- vod. e . 
n de- Argonne National Laboratory, Lemont, Il. samples by means of a Chempump (to- quent bleed-off from the surge tank. 
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Figure 1—High temperature and pressure aqueous flow corrosion test facility (flow diagram). 
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ALL FOUR LINES ARE IDENTICAL 


Figure 2—Sample section manifold. 


WATER CHANNEL —~_ INSERT 


SAMPLE — 


HOLDING PIN 


SAPPHIRE RODS 


Figure 3—Sample mounting. 


In the present loop, another system 
is used which also serves to maintain 
constant solution composition. Corro- 
dent of the desired composition is 
pumped into the system from feed tanks 
by means of a positive displacement 
chemical proportioning pump. Fluid is 
discharged through a gas controlled 
back pressure regulator. Pressures 
above ordinary tank pressure (~1500 
psi) are obtained by means of a pres- 
sure booster. 
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TABLE 1—tLoop Parts List 








: - 
| DESCRIPTION! 


Capacity: 


| Fabricated at Rock Island Arsenal. 


3 Welch Duo-Seal Model 1402-B. 


Fe red Tank 


Vv acuum Pump 


42 gallons (each). 


Rupture Disc Assemblies y Black, Sivalls & Bryson Safety Head Type 4-24 PS of suitable 


| rating. 


#792N7H4- B2 DP Cell Air ‘Operated 


F eed. Tank Level ‘Ind. "Brown 


Edward Valve #392 24F 


1" High Teninecaeive Caiven (Circulat-| 
ing System) 
Low ‘Temper rature Valves 
Tanks ) 


Edward V ralve #444F 


"(Feed ‘| 


1” 


14" Valves (Instrume nt Lines » etc.) 


| Hills- McC anna Model UM- IF Single Stage. Chemical Proportion- 
ing Pump (0.06 to 0.6 GPH). Maximum Pressure - 4500 psi. 


Fee od Bini 


Autoclave Engineers Model = #HGI15 5 


Pressure Booste r 


#5: 91-XW Grove Back Pressure Regulator (Mity- -Mite) 


| Chempump Model Cc FHT- 1. 1C- Spec ial 20 GPM at 25 ft. Head 


Rack Pressure ‘Resulator 


Cire alating Pump 


| F paboro Model # 32 AH- 1 ‘DP Cc ell of suitable range. 


Air operated. 


F low Indicators 


Pressure Raconier & c ontroller | ey Rata C Sutrolien ti R- 13. High aaa Low Pressure Cutoff. 


Temperature Recorder an C ontroller r 


Ue Seat aa Northrup Micromax 


Model 461- R Indicating Pyrometer (Assy, Prod. Co.) 


Te -mper ature Indica ator 


L imiting Te -mperature C ontroller 


| West High 1 imit Gardsman Model JL 


| 
| Cc hromalox #RIS-7 755 or Watlow Firerod. Cartridge Heaters Adap- 
| ed for use with Swagelok Fittings. 


Immersion Heaters 


Ge neral Electric Co. Heater Wire, Monel Sheathed. 


External Heater Wire 


Sample Insulators inde Air Prod. Co. -Sy nthetic Sapphire 


| Cc rawtord F itting Cc 0.- Swagelok Fittings 


Tubing Fittings | 





1 Where seated meee are given, it is not meant to imply that a similar piece of | seein eheenl by 
another manufacturer would not be as suitable. This list is given as a guide to those who might want to build 
similar equipment. 


individual sample section can be evacu- 
ated before being connected to the main 
stream. 

Samples are mounted as 


The capacity of the feed tanks is such 
that refilling is necessary only about 
once every four days. Control instru- 


mentation makes it unnecessary to tend : : 

: : : Figure 3. Synthetic sapphire rods pre- 
the loop except when loading or unload- vent contact between the samples and 
when test conditions the holder. If desired, sapphire rods 
also can be used to prevent contact 
between adjacent samples. Six samples 
plus two dummies (to prevent erosion 
effects up- and down-stream) can be 
teheneedl ax loaded in each tube. 

; The loop has been operating since 
system 1s at oper- early April, 1957. During this time, 
ating temperature and pressure, This operation has been continuous and trou- 
greatly reduces down time and can ble-free. The results of one corrosion 
eliminate the temperature cycling usu- test is the subject of a separate commu- 
ally inherent when corrosion tests are nication by one of the authors (WER.) 
to be run under the same conditions 
for varying lengths of time. Adjustment 
of valves allows simultaneous exposure 
of test samples to four different veloci- 
ties. To avoid air contamination, each 


shown in 


ing samples or 
are changed. 
Four sample sections in parallel are 
connected to inlet and outlet manifolds 
by means of Swagelok unions (Figure 
2). Sample sections can be 
replaced while the 
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Introduction 
ORROSION RESEARCH work- 
ers have long been familiar with 

the difficulties of obtaining reproducible 
data. Even under the most carefully 
controlled conditions of experimenta- 
tion, wide variations are observed in 
weight losses, pit frequency, etc. of test 


coupons exposed in mildly corrosive 
conditions. 
Mears’ paper on the corrosion of 


mild steel by air and water at atmos- 
pheric temperature showed the statisti- 
cal nature of rusting. Mears and Brown’ 
and Aziz** extended this work to steel 
and aluminum. They point out that 
large statistical variations are expected 
under mildly corrosive conditions when 
local anodes and cathodes have average 
separations in excess of some critical 
distance (i.e, where the area of local 
cells exceeds a minimum area). 

Large statistical variations generally 
are associated with intensified local at- 
tack, (i.e., pitting). Pitting is more pro- 
nounced the larger the critical area for 
maintenance of isolated anodes and 
cathodes. Thus, for very small critical 
areas attack will be general, and pitting 
will not be observed. 

The critical area for pitting of alu- 
minum is several orders of magnitude 
greater than for mild steel. This corre- 
lates with the well known fact that 
pitting failure in mild environments is 
much more pronounced for aluminum 
than for steel. " 

This paper deals with tests of various 
corrosion inhibitors for steel under at- 
tack by solutions of electrolytes in the 
presence of hydrocarbons. Such systems 
are of particular interest in the pro- 
duction of petroleum. Considerable 
work has been done in this field by 
NACE Group Committee T-1K. The 
concepts presented may be of interest 
to those considering other systems in 
which corrosion inhibitors are used. 

Data are presented here for systems 


composed of hydrocarbons, aqueous 
electrolyte solutions and organic in- 
hibitors. In these systems statistical 


variations in the weight loss and/or 
localized attack on mild steel test cou- 
pons are greater in the presence of in- 
hibitors than in their absence. 

The data are discussed using present 
theories of the mechanism of adsorp- 
tion type inhibitors. Insofar as these 
statistical variations are concerned, mild 
steel in the presence of inhibitors may 
act much like aluminum in noninhibited 


% Submitted for publication March 20, 1957. A 
paper presented at the Thirteenth Annual 
Conference, National Association of Corro- 
sion Engineers, St. Louis, Missouri, March 
11-15, 1957. 
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systems (i.e., the minimum area for 
local cell action on mild steel is greatly 
increased by the addition of inhibitors). 

Such an hypothesis may be applicable 
to systems other than the oil-water 
systems described herein, since similar 
wide fluctuations are observed in testing 
of inhibitors on mild steel in other sys- 
tems (e.g., gasoline inhibitors and rust 
preventives. ) 

Experimental Work 

Static Test 

The experimental work was carried 
out on two types of systems, classified 
as static and dynamic. Complete details 
of the static test have been described 
elsewhere.’ This test was evaluated in a 
cooperative effort by a number of labo- 
ratories representing manufacturers, dis- 
tributors, and users of inhibitors. The 
work was done by NACE Committee 
T-1K. Data were collated and evaluated 


47 





Inhibitors” 


Abstract 


Workers in the field of corrosion testing 
have long been familiar with the diffi- 
culties in obtaining reproducible data. 
These difficulties are especially pro- 
nounced in mildly corrosive systems in 
which steel is being protected by corro- 
sion inhibitors of the adsorption type. 
The present paper discusses tests on 
both synthetic fluids and actual fluids 
from producing oil wells. It describes 
the fluctuations in weight losses of test 
coupons and the occurrence of acceler- 
ated weight losses and increased differ- 
ential attack or pitting in systems where 
low concentrations of organic adsorption 
type inhibitors are employed. 

Data from both static and dynamic 
test systems are analyzed. In particular, 
the large amount of data collected by 
laboratories cooperating in the NACE 
proposed T-1K sour crude inhibitor test 
have been evaluated. The data are shown 
to approximate a normal distribution 
and are treated by methods of statistical 
analysis. Other systems are discussed 
in which normal distribution and other 
types of distribution have been observed. 
_ An explanation is advanced for statis- 
tical variations in data obtained from 
these systems. The explanation is based 
on present knowledge of adsorption type 
inhibitors, surface heterogeneities on 
steel, and interaction between local 
anodes and cathodes. 5.8.1 


at a meeting of the Committee at the 
South Central Regional meeting of 
NACE in Houston, Texas in October 
1955. Preliminary results had been dis- 
cussed previously.° 

The test employs a mild steel coupon, 
one inch square, immersed for ten sec- 
onds in purified kerosene, then for seven 
days in a solution of 5 percent NaCl in 
water containing 500 ppm _ dissolved 
H.S. The kerosene is first freed from 
all polar compounds by filtration 
through Fuller’s earth, and the brine is 
freed from oxygen by purging with 
nitrogen. The inhibitors are dissolved in 
the phase in which they are soluble and 
tested at concentrations of 10 to 100 
ppm based on total flu:ds. 

The steel coupons are polished to a 
fine finish before testing and weighed 
to a tenth of a milligram. After ex- 
posure they are cleaned of corrosion 
products by standard methods, and 
again weighed. They also are roughly 
evaluated for frequency and depth of 
pitting, tubercles, etc. Inhibition is cal- 
culated as percentage of reduction in 
weight loss based on uninhibited cou- 
pons, All tests are run in replicate of 
two or more. 


= 199 WW : 
e = 100 W. (1) 
where e = inhibitor efficiency, percent 


W. = weight loss of uninhibited 
coupon (blank) 
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MILLIGRAMS WEIGHT LOSS 


Figure 1—Distribution of blanks in T-1K test. 
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2—Percent inhibition obtained with varying 
concentrations of inhibitor No. 1 
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Figure 3—Percent inhibition obtained with varying 
concentrations of inhibitor No. 2. 


WW weight loss of inhibited cou- 
pon. 


The test was not designed to evalu- 
ate individual inhibitors in detail, but to 
screen promising materials from worth- 
A screening is desirable be- 
cause of the large number of materials 
used as corrosion inhibitors by petro- 
leum producers or offered for use. 


less ones, 


The data were gathered on samples 
of six coded materials sent out by the 
committee chairman, It was later re- 
vealed that two of the samples were 
merely diluted solutions of a third sam- 
ple known both by laboratory and field 
experiments to be a very effective ma- 
terial even at low concentrations. Of 
the three remaining materials, one was 
a placebo, (i.e., known to be valueless 
in systems which the committee was 
studying.) 
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Figure 
concentrations of inhibitor No. 3. 


Four Inhibitors. There were, there- 
fore, four distinct inhibitors, referred to 
as 1, 2, 3 and 6, with 6 being the 
placebo. Seventeen laboratories partici- 
pated in the test. The total number of 
runs was approximately 800, exclusive 
of the blanks run in the absence of in- 
hibitors. 

Every of the 
inhibitor 


laboratory ran each 
original six samples at four 
concentrations in duplicate, and _ re- 
ported percent inhibitions based on 
their own untreated blanks. The num- 
ber of blanks run by individual labora- 
tories was between two and_ twelve. 
Twelve laboratories reported sufficient 
data to allow the calculation of the 
mean square deviation from their aver- 
age blank weight losses. These ranged 
from one to thirteen percent, averaging 
six percent over all of the laboratories 
reporting. 

The variation of blanks from the 
grand average was much greater. Again 
based on the 12 laboratories, 89 blanks 
were reported, Individual averages gave 
blank losses between 32-68 mg with a 
grand average of 42.5 mg. The devia- 
tions of the individual averages from 
the grand average were from zero to 
26 mg, and the average deviation of the 
individual averages from the grand 
average was six mg or 14 percent of the 
grand average. 

The individual blank runs are shown 
as the histogram in Figure 1. The re- 
producibility in individual laboratories 
(6 percent) and between the twelve 
laboratories (14 percent) is quite good 
for corrosion work 

The reproducibility of data on in- 
hibited systems in the static test pre- 
sents an entirely different picture. Fig- 
ures 2, 3, 4 and 5 present histograms 
for the four inhibitors evaluated by the 
test. The ordinate represents the num- 
ber of runs having a percentage inhibi- 
tion between the values shown on the 
abscissa. The group interval on the 
abscissa is 10 percent. Negative values 
of inhibition (i.e., acceleration of corro- 
sion) are also plotted. There is con- 
siderable evidence that such accelerated 
corrosion can occur in these systems, 
and this point is discussed in detail in 
a later section of this paper. However, 
increased weight losses of only 10-20 
percent above the blanks are probably 
of no significance, since this is hardly 
beyond the limit of reproducibility of 
the blanks themselves, as just pointed 
out. 


Findings From Histograms. Examina- 
tion of the histograms brings out the 
following points: 


RUNS 


. | 50 PPM 100 PPM 


-50 ° 50 ° 
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NUMBER OF 


5—Percent inhibition obtained with varying 


Figure 
concentrations of inhibitor No. 6 


1. For a poor inhibitor (e.g., inhibitor 
6), the data are sharply peaked around 
zero inhibition at all inhibitor concen- 
trations. Only a small number of runs 
gave inhibitions differing by more than 
ten percent from zero. 

2. For a good inhibitor at high con- 
centrations (e.g., inhibitor 1 at 100 and 
50 ppm), the data are sharply peaked 
at the interval 90-100 percent inhibition. 

3. At lower concentrations of inhibi- 
tor 1, at concentrations of No. 2 be- 
tween 5-10 ppm and at all concentra- 
tions of No. 3 (i.e., 5-50 ppm), the 
data are widely scattered. Since the 
scatter resembles normal Gaussian dis- 
tribution, a random rather than a sys- 
tematic cause of the scatter is indicated. 

4. At very low concentrations of No. 
2, (i.e, 2.5 ppm and below), the data 
are less scattered and cluster sharply 
around zero. 

The data are summarized in Table 1 
and plotted in Figure 6. The center of 
each vertical arrow represents the mean 
percent inhibition as given in the fourth 
column of Table 1, and the length of 
the arrow between the tip and center 
represents the standard deviation* of 
the mean as given in the fifth column 
of the table. 


The solid 
tion: 


lines represent the equa- 


ac 
&= "T+ ac 
This equation is of the same form as a 
Langmuir adsorption isotherm, if it is 
assumed that the fraction inhibition is 
proportional to the fraction of mono- 
layer adsorption. Here, c is the concen- 
tration of inhibitor in ppm, and _ the 
value of @ was selected for each inhibi- 
tor to provide a fit to the data. 


For both Nos. 1 and 2, @ is about 0.2; 
for No. 3 it is about 0.03; and for No. 
6 it is zero. For systems which obey 
Equation (2) the larger the value of a, 
the lower the concentration of inhibitor 
which is required to effect a given cor- 
rosion inhibition. 

An equation of this form is used since 
there is a considerable amount of evi- 
dence which indicates that semi-polar 
organic corrosion inhibitors of the type 
here described adsorb to form mono- 


* 


w= standard deviation 
Zi (ei — 6)? 
n 


where: 
£1 = percent inhibition of each run 
n == number of runs 
Liei 


€ = average percent inhibition = 
n 
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molecular films. This adsorption can 
often be represented satisfactorily by a 
Langmuir type isotherm; furthermore, 
the efficiency of the adsorbate as a cor- 
rosion inhibitor is often found to bear 
a direct relation to the amount of ad- 
sorbate. A number~ of papers on this 
subject have been published by Hacker- 
man and his colleagues*’ and _ by 
others.®® 

The data are plotted in a different 
form in Figure 7. Here, », the standard 
deviation from the mean value (the 
length of the arrow in Figure 6) is 
plotted versus the mean value of the 
fraction inhibition, e (the mid-point of 
the arrow in Figure 6). The points are 
fairly well represented by the parabola 








PER CENT INHIBITION 





rying ; # = 1.33e (1 — 2) (3) 
, Spread of Data. The maximum spread 
tor of the data is thus about 33 percent 
und when the percent inhibition is 50 per- 
cen- cent, and the spread becomes very low 
runs i (i.e., 10-12 percent) when the percent 
han inhibition is less than 10 or greater than 
90. A spread of 10 percent or less in . 10 20 
por data would be of no significance since Figure 6—Percent inhibition obtained with varying concentrations of inhibitors 1, 2, 3 and 6. 
and as was explained above this is about : 
ked the order of variation which individual 
ion. | blanks give. 
oa These findings are in line with a 
od generalization familiar to workers in 
— this field. It is easy to get reproducible 
_ data on inhibitors which are either very 
the good or very poor; data for intermedi- 
dis- ately effective materials show such 
>y d scatter that their use is questionable. It x 
“ should be emphasized that the terms . 
, ss good and poor are relative, depending | a 
rn upon the concentrations employed. An = tera E 
Ply inhibitor, such as No. 1, which appears | aa < 
to be good at concentrations of 25 ppm : ; : ; a 
en and above, might be a poor inhibitor at z 
or lower concentrations (see data for 10 S 
ean ppm). Likewise, an inhibitor poor at 2 
rth low concentrations (No. 2 at 10 ppm Pd 
ot and less) might be a good inhibitor at 7m 
iter higher concentrations. Note that the 
of same empirical line fits the data for 
mn inhibitors 1 and 2, so that actually these 
materials are equivalent. If used at the 
ua- same concentrations, they therefore 


would be expected to give equal per- 
centage inhibition (see data at 10 ppm.) | 
When the T-1K static test is em- 
ployed, it is very difficult to rank in- 
hibitors, because of the large fluctua- 20 40 50 60 70 80 
tions in the intermediate inhibition 
region. The concentration range giving 
from 10 to 90 percent inhibition should 


be investigated. If at the economic limit 
the 90 percent point has not been TABLE Aititerrcenaisctie of Data From Company NACE Inhibitor Tests 











Figure 7—Fraction inhibiton vs fraction scatter for inhibitors 1, 2, 3 and 6. 


reached, the inhibitor may be discarded. =< —= = —=—== = 

The remaining inhibitors may be ranked Concentration, | MéamPercent | Stan@and Deviation 

by the cost required to attain 90 per- y ppm No. of Runs |__ Inhibition of Mean, Percent 
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concentrations does not imply a sharp 
distinction between inhibitors because 
of the small sensitivity of inhibition to 
concentration in this region. (Note that 
the concentration scale of Figure 6 is 
logarithmic. ) 
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In the absence of statistical variations 
in data, maximum differences in inhibi- 
tor efficiencies will occur at interme- : . ‘ 7 
diate concentrations of the inhibitors, aor ee 25 30 
rather than where the inhibitors are ‘ ss 30 
most efficient. 
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If two inhibitors give e versus c data 
which can be represented by equations 
of Langmuir form, 
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Figure 8—Inhibition of hydrogen sulfide corrosion by cetyl trimethyl ammonium bromide. 


and &’ 


ac 


then /e—2'/ == 
] 


7 QC 


differentiating /e—e’/ with respect to 
c, equating the derivative to zero and 
solving for c, it is found that if @ # a’ 


l 
then ¢=— (4) 


V aa’ 


is the concentration exhibiting greatest 
difference in inhibitor efficiency. 

For example, it was stated above that 
the value of the constant @ is about 0.2 
tor both inhibitors 1 and 2. Assume that 
a=().15, @ =0.25. To obtain maximum 
differences in inhibition, one should 
compare the materials at a concentra- 
tion, c, such that 


1 l 
=~ ppm 


V aa’ V0.15 & 0.25 


However, Figure 6 shows that a con- 
centration of 5 ppm is unfortunately 
where the scatter of the data is maxi- 
mum for these materials. In order to 
utilize effectively data gathered at con- 
centrations in this range, it is necessary 
to employ statistical treatments based 
on the concepts of inverse probability. 
This treatment shows that the most 
effective region to investigate for the 
case shown is again the intermediate 
concentration region. 


Dynamic Tests, Synthetic Fluids 

The remainder of the experimental 
work was carried out in systems classi- 
fied as “dynamic.” The corrosive me- 
dium consisted of 100 ml of liquid and 
30 ml of corrosive gas, either CO, or 
H:S, above the liquid. The liquids were 
saturated with the gas at room temper- 
ature by bubbling the gas through the 
liquid for five minutes. A porous alu- 
mina bubbling tube was used. 


The fluids were contained in a 5 oz 
polyethylene bottle. The test coupon 
was a soft steel strip, 2” Be ge ee 


xX 14” 
196t 


which had been machined from. strip 
stock and polished with No. 240 carbo- 
rundum paper on a metallographic pol- 
ishing disc. The bottle was placed near 
the circumference of a wheel, two feet 
in diameter, which was rotated at six 
rpm. The wheel was surrounded by a 
thermostatted air oven, and the tem- 
perature was maintained at 120 +2 F 
unless otherwise stated. 

Two sets of dynamic test conditions 
were used. The first used synthetic cor- 
rosive liquids. The aqueous phase was 
90 ml of a brine which contained 10 
percent NaCl, 0.5 percent CaCl: and 
0.06 percent. acetic acid. The oil phase 
was 10 ml of a neutral white oil, This 
oil had a distillation range of 525-635 F, 
and a specific gravity of 0.83. Its calcu- 
lated molecular weight was about 200. 
The oil had no apparent metal wetting 
properties (i.e., the oil would not dis- 
place water from a_water-wet steel 
coupon). 

When the testing wheel was rotated, 
the steel strip was alternately immersed 
in the gas, oil phase, and aqueous phase. 
Inhibitor was added from stock solu- 
tion to the test bottles before the in- 
ception of the test, and distributed itself 
between the two phases. A successful 
inhibitor always caused the steel cou- 
pons to pick up an oily layer which 
protected them from attack by the cor- 
rosive aqueous phase. The converse was 
not true. Sometimes, a coupon would 
be coated with a water-repellent layer, 
but when the coupons were cleaned of 
oil and corrosion products, pitting and 
other defects would be observed in the 
metal. 


Oil Well Fluids. Fluids from produc- 
ing oil wells also were used as corrod- 
ents. These tests differed from the syn- 
thetic fluid tests in that the natural 
fluids were used in the same oil to 
brine ratios as were being produced by 
the wells. These natural fluids were 
saturated with H.S or CO: after the 
0.06 percent acetic acid had been added. 
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All other details were the same as for 
the synthetic test. . 

The test time was normally of 64 
hours duration, after which the metal 
coupons were cleaned of oil and corro- 
sion products by means of household 
cleanser, inhibited hydrochloric acid, 
and an organic solvent such as petro- 
leum ether. They were then rinsed in 
acetone, dried, and weight losses de- 
termined, The appearance of the cou- 
pons after exposure was noted, and the 
frequency and depths of pits evaluated 
qualitatively. 


Cetyl Trimethyl Ammonium Bromide. 
Figure 8 shows the results of a num- 
ber of test runs with the synthetic 
fluids saturated with H2S. A pure sam- 
ple of cetyl trimethyl ammonium bro- 
bide was used as the corrosion inhibi- 
tor. This material, in impure form, is 
similar to several commercial inhibitors 
used in petroleum production. The 
weight loss of untreated coupons in 
this test was approximately 50 mg/day, 
and duplicate runs checked within 10 
percent of the total weight loss. 

Each point shown on Figure 8 repre- 
sents one run. It will be seen that an 
inhibitor concentration of several hun- 
dred parts per million (ppm) is re- 
quired before an inhibition of 90 percent 
is attained. At this concentration the 
reproducibility of the data is quite good. 
At concentrations below 400 ppm, the 
data are quite scattered and the aver- 
age inhibition decreases. Notice that at 
50 ppm inhibitor concentration dupli- 
cate runs might give values between 85 
percent inhibition and 25 percent accel- 
eration of attack. At concentrations of 
inhibitor near 20 ppm, a danger zone 
exists, in which a decided acceleration 
of attack occurs, At concentrations 
down to 5 ppm the data are still spotty 
and accelerated corrosion may occur. 

At concentrations of 500 ppm and 
above, the average percent inhibition 
drops off slightly. This may be due to 
the formation of colloidal micelles. This 
decreasing effectiveness usually is not 
important in practical considerations 
since such high inhibitor concentra- 
tions are not normally economical. 

Data similar to those of Figure 8 have 
been obtained for other inhibitors. The 
same general features have been noted, 
although the maxima and minima in the 
curves may be displaced in either direc- 
tion on the concentration scale, and 
either up or down on the inhibition 
scale. However, it has been found gen- 
erally that: (a) the scatter of the data 
is minimum at the maximum percent 
inhibition and at zero percent inhibi- 
tion, (b) the scatter is maximum at in- 
termediate percentages of inhibition, 
and (c) often, but not always, there is 
a danger area in which accelerated 
corrosion rates are observed. 


The appearance of the coupons usu- 
ally follows the same trend. Blank runs 
give coupons which are attacked over- 
all and uniformly. Well inhibited sys- 
tems usually show no indication of non- 
uniform attack. However, in the critical 
ranges where the weight losses are not 
reproducible, the attack is usually very 
non-uniform. Coupons often are smooth 
in their entirety except for a few iso- 
lated pits which are much deeper and 
sharper than in the absence of treatment. 
This is particularly true on the edges 
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and corners of the test strips. These 
ireas seem much more susceptible to 
lifferential attack than do the faces. 
[his behavior is not unexpected, since 
the edges are cold worked without an- 
iealing during the preparation of the 
est coupons. 

This differential attack is very im- 
yortant in consideration of an inhibitor 
for service in oil production. Practically 
ill cases of failure observed in this 
service are due to localized failure in 
hreaded areas, upset areas in tubing, 
‘te. Very rarely does equipment fail 
hrough reduction of structural strength 
lue to uniform reduction of dimensions 
f equipment. 

It appears that the systems which 
are being considered here would be 
classified as “dangerous” by Evans” 
(i.e., anodic inhibitors used in _ insuffi- 
cient concentrations in systems which 
ire under cathodic control). Oil field 
brines range in pH from about 4.5-8.0, 
ind are believed to be under cathodic 
control. Corrosion rates in these sys- 
tems have been determined by measure- 
ments of hydrogen evolution rates as 
described by Scott and Rohrback.” 

The organic inhibitors which are used 
are generally polar nitrogen, oxygen, or 
sulfur compounds, Early workers con- 
sidered that these materials adsorbed 
as onium (i.e., ammonium, oxonium, etc.) 
ions at local cathodes; later evidence 
has pointed to adsorption at local an- 
odes. Hackerman and Makrides” have 
postulated general adsorption. It ap- 
pears that the action of these organic 
inhibitors is similar to that of chromate 
ion which is dangerous below concen- 
trations of several hundred ppm de- 
pendent upon the system in which it is 
employed. The organic inhibitors also 
appear to be dangerous below concen- 
trations in the range from 10-1000 ppm, 
varying with the specific inhibitor and 
the system in which they are used. 
Chromate ion has been shown to be an 
anodic inhibitor.” 


Dynamic Tests on Actual Well Fluids 
Tests have been carried out on actual 
well fluids from a number of different 
fields, some producing sweet crude, 
others sour crude. The fluids from the 
sweet systems were gassed with CO: 
and the sour ones with H.S. There are 


TABLE 2—Inhibition Tests on Sweet Crude 
(5 Percent) and Brine (95 Percent) 


| 
Concentration, | Percent 
INHIBITOR ppm | Inhibition 
Benue es 100 | 99, 96 
50 | 96, 93 
20 | ace., acc.* 
ee atone 50 | 76, 88 
| 20 94, acc. 
Berets | 100 | 95, 95, 97, 99 
50 | 97, 94 
20 acc., acc., 32, 43 
BP o's ; 100 | acc., 35, 93, acc. 
20 | acc., ace. 





ea Sindee 50 | 97, 98 
20 | 95, acc. 

Pe seneve Real 50 | 95, 97 

20 | 20C., ace. 

Gers 50 | 92, 73 
20 | acc., 92 

fe so 50 | 78, 93 

| 20 | 86, 98 

Be aloes cere 50 | 85, 97 

20 92, 98 





* Accelerates. 





STATISTICAL CONCEPTS IN THE TESTING OF CORROSION INHIBITORS 





wide fluctuations in the rates of attack 
on untreated coupons, weight losses 
varying from only one to as much as 
100 milligrams per day. However, the 
majority of fluids from untreated cor- 
rosive wells give weight losses between 
10-50 mg/day, and the reproducibility 
of the data is normally satisfactory. 
When six blanks are run, the average 
deviation from the mean is usually 
within 15 percent. There are outstand- 
ing exceptions which will be covered 
later. 

3ecause of the large number of com- 
mercial inhibitors which are offered to 
petroleum producers, it is necessary to 
screen those which are applicable for 
a certain field from those which are not. 
It has not been found possible to set up 
an order of rank for various inhibitors 
so that one series of evaluations will be 
applicable to all fluids. An inhibitor 
which is superior to a number of com- 
petitive products in one test fluid may 
be very inferior in another. 


Calculation of Inhibitor Cost. In gen- 
eral, the observations just discussed 
under synthetic fluids are equally appli- 


cable for actual well fluids. Normally, 
inhibitors are not evaluated in actual 
well fluids at concentrations of over 


100-200 ppm, because of cost of the in- 
hibitor. As the percentage oil in the 
production decreases, the amount of 
inhibitor which can be _ economically 
used decreases accordingly. A _ simple 
rule for use in this connection is given 
below: 
Cost per bbl. oil = 
(cents) 
ppm inhibitor based on total fluids 


percent oil in fluids 


(3) 


This formula is based on an inhibitor 
cost of $2.35 per gallon, an average 
figure for most materials used in oil 
production, and can be corrected for 
other costs. Costs of corrosion preven- 
tion of more than ten cents per barrel 
of produced oil are rarely justified; oil 
percentages of less than ten are not 
uncommon. Thus, there are many cases 
in which inhibitor treatments of less 
than 100 ppm will be necessary. 

Table 2 presents data for evaluation 
of a number of commercial inhibitors in 
a sweet crude system consisting of 95 
percent brine and 5 percent oil. Of 
nine inhibitors listed, seven show accel- 
erated corrosion at 20 ppm. At 50 ppm, 
the situation improves and at 100 ppm 
all but one of the materials (Inhibitor 
D) could be considered satisfactory. At 
50 ppm materials A, C, E, and F prob- 
ably would be satisfactory. Notice that 
this is already a cost of 10¢ per barrel 
oil and that a lower concentration than 
50 ppm would be dangerous. 

Table 3 shows the effect of testing 
three inhibitors in two sweet oil sys- 
tems, each containing 95 percent brine. 
The percent inhibitions are averages of 


TABLE 3—Comparison of Three Inhibitors 


“INHIBITOR X_ | 





FLUID | 50 ppm | 20 ppm | 100 ppm | 50 
Smith No. 1 | 86 59 96 
Jones No. 2 | 91 95 


5 Percent Oil) 
PERCENT PROTECTION WITH VARIOUS INHIBITORS 


INHIBITOR Y_ 








cn 
— 





two duplicate tests. It can be seen that 
in Smith No. 1 the best inhibitor is Z, 
while in Jones No. 2 the worst inhibitor 
is Z. Similar results have been obtained 
on sour systems. 


In general the rate of attack of either 
sweet or sour well fluids is less than 
the rate when using the synthetic fluids 
previously described. Furthermore, the 
reproducibility of replicate samples is 
poorer, and the variation in mean values 
of rates between different systems is 
considerable. When using synthetic sys- 
tems, the data for uninhibited fluids will 
usually be reproducible within 10 per- 
cent of the mean value for as few as 
four replicate runs. With actual fluids, 
reproducibility within 20 percent for six 
runs is considered good. Thus, a typical 
series of 24 replicate runs on an unin- 
hibited sweet crude-brine system gave 
an average weight loss of 102 mg, with 
a standard deviation from the mean of 
40 mg. Thus, the deviation from the 
mean was 40 percent. 


Weight Loss Distribution. The distri- 
bution of samples is as shown in Table 
4. These data were treated assuming 
normal distribution, and it was calcu- 
lated that in a series of 24 runs, there 
would be a probability of 90 percent 
that the true average weight loss would 
lie within 15 percent of the calculated 
average of the 24 runs. This large a 
number of replicate samples is not ordi- 
narily convenient to run. Using a 
smaller number of runs (e.g., six), the 
reliability of the data would be de- 
creased. Thus, assuming the same Gaus- 
sian distribution, a series of six runs 
could be expected with a probability of 
80 percent to give a mean value within 
23 percent of the true value. (The 
reader is referred to standard works on 
statistics for explanation of these calcu- 
lations). Data of even this reduced re- 
liability would generally be considered 
adequate for corrosion work. The exam- 
ple given above is typical of the kind 
of information usually found in work 


with untreated well fluids. 

Another type of distribution with 
very scattered data may be observed 
with well fluids being treated with 


amounts of inhibitor insufficient to pro- 
vide adequate corrosion protection, As 
an example, 64 runs were carried out 
on a fluid from a well which had been 
under treatment for a short period of 
time with corrosion inhibitor. The 
weight the coupons were as 
shown in 


losses of 
Table 5. 

These data have a distribution which 
is skew; thus, the most probable weight 
loss is between 2-4 mg, but the arithme- 
tic average is 16 mg. It would be nearly 
impossible to attach any meaning to the 
average in this case. Notice that these 
data resemble the data gathered on the 
NACE static test at low inhibitor con- 
centrations, or the data given for dy- 


in Two Sweet Systems (95 Percent Brine, 





INHIBITOR Z 


ppm | 20ppm = 100 ppm | 50 ppm | 20 ppm 
97 | 62 ss | = + = 
92 | 85 7 | 96 ccelerats 


| Accelerates 
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TABLE 4—Weight Losses of 24 Coupons 





| 
Weight Loss of Coupon, mg. No. of Coupons 





o— 20 1 

21 40 0 
41 60 1 
61 80 3 
81—100 { 
101— 120 6 
121—140 3 
141—160 0 
161—180 1 
181—200 1 
Total... 24 


TABLE 5—Weight Losses of 64 Coupons 


Weight Loss of Coupon, mg. |No. of Coupons 





O— 2 3 
2.1 a3 14 
4.1 6. 6 
6.1 a 3 
8.1—-10.. 4 
10.1—12.. ‘ 1 
12.1—14. 3 
14.1—16. 4 
16.1—18. 2 
18.1—20 3 

20.1—22 2 
22.1—24 1 
24.1—26.. 0 
26.1—28. 1 
28.1—30 4 
30.1—32 3 
32.1—34 1 
34.1—36 1 
36.1—38 0 
38.1—40.. 3 
40.1 42 0 
42.1—44. 1 
44.1—46.. 2 
16.1—48 1 

Total 64 


namic tests on synthetic fluids when 
testing in the range of dangerous in- 
hibitor concentrations. 


Discussion and Conclusions 

\s mentioned earlier there is consid- 
erable variation in corrosivity of fluids 
from individual untreated wells when 
tested by the dynamic method. This is 
rather surprising despite the well-known 
variations in corrosivity of well fluids. 
Explanations of field variations have 
been based on differences in pH, tem- 
perature, fluid velocities, and water-oil 
ratios. For example a recent paper by 
Rogers” points out the need for evalu- 
ating down-hole pH when considering 
well fluid corrosivity. However, in the 
dynamic test here employed, variables 
such as temperature, fluid pH, partial 
pressure of corrosive gas, and fluid 
velocity are held constant. The nature 
of the oil and its ratio to brine are the 
only obvious variables remaining. What 
is to explain the variation in corrosivity 
and response to inhibitors of similar 
well fluids pointed out in Table 2 given 
above? Here the fluid ratios of oil to 
water also are the same for the two 
systems tested. 


An additional factor postulated by 
Hackerman, et al“ is the presence of 
natural inhibitors in the crude oil and/or 
brine. These materials are supposed to 
be polar or semi-polar organic com- 
pounds which influence the oil and 
water wetability for metals, and other 
properties of interest in petroleum pro- 
duction (e.g., stability of oil field emul- 
sions). 


198t 
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A recent paper by Hatch” discusses 
the occurrence of nitrogen compounds 
in petroleum and points out that about 
a quarter of the total nitrogen content 
of petroleum is basic or amine nitrogen. 
Such materials are the very chemicals 
which are presently being used as cor- 
rosion inhibitors in petroleum produc- 
tion specifically, and in other branches 
of the petroleum and chemical industries 
as well. 

The presence of such basic nitrogen 
compounds in petroleum in varying 
amounts and of varying composition in 
different crudes could explain the differ- 
ence in corrosivity of different un- 
treated well fluids. Their presence also 
could account for the wide variations in 
laboratory test results. If such materi- 
als are present in critical or dangerous 
concentrations, they would be expected 
to result in widely scattered laboratory 
data, just as do inhibitors in synthetic 
systems as shown in Figure 8. 


A Proposed Explanation of the 

Observed Statistical Variations 
The large statistical variations are, 
thus, inherent in the problem. They do 
not arise from defects of the methods 
used. As previously discussed, u, the 
mean square deviation of the observed 
inhibition, €, is proportional to e(1—e®). 
This form suggests a simple explana- 
tion. If the surface can be divided up into 
N non-interacting areas, each of which 
has probability P of being protected and 
a probability of 1—P of corroding, then 


e= P and «= Bs xX P X (1— P). This 

N \ 
may be verified in standard references 
on statistics, or checked by the method 
of characteristic functions. The model 
described leads to a Poisson type dis- 
tribution. In view of the experimental 
relation, # = 1.33 e(1—e) observed for 
coupons of 12 sq cm area, the non- 
interacting regions in the above model 
have an area of approximately 16 sq cm. 
It is clear that this far exceeds the area 
covered by an individual inhibitor mole- 
cule. However, sucha situation arises if, 
when two unprotected regions (anodes) 
lie within a certain critical distance of 
each other, the start of a pitting reac- 
tion at one site suppresses the pit initia- 
tion at the other. This concept has been 
fully discussed by Mears and Brown 
as well as by Aziz in the references 
cited earlier. 

P can be related to a simple mecha- 
nism of adsorption of inhibitor molecules 
on a metal surface at a rate dependent 
on their concentration in solution, c. In 
turn, these molecules re-evaporate or 
desorb from the surface at a rate de- 
pendent on the mutual interaction char- 
acteristics, @, of the inhibitor and sur- 
face. This leads directly tothe Langmuir 


2 ac P 
De s = eee i 
type equation, 1+ ac 


It seems that the picture thus far pre- 
sented describes the situation at high 
inhibitor concentrations. At low inhibi- 
tor concentrations, visible pitting does 
not seem to occur but general attack 
takes place. In the low concentration 
range the reaction is known to be under 
cathodic control. The experiments cited 
(Mears and Brown) which report a criti- 
cal area of .09 sq cm per pit presumably 
refers to this situation, since no inhibi- 
tors were present. One would not expect 
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that at the extreme of cathodic control, 
the critical area should match that at 
the extreme where anodes are rare (i.e., 
most anodes have been covered by: ad- 
sorbed inhibitor), It might be noted 
that the corresponding area for alumi- 
num seems to be about 20 sq cm. It 
appears, therefore, that mild steel sur- 
faces in contact with low concentrations 
of anodic inhibitors resemble unpro- 
tected aluminum in their pitting char- 
acteristics. 


The explanation of the basic cause of 
the differential attack probably is tied 
in with local inhomogeneities in the 
metal surface. These inhomogeneities 
correspond to variations in local surface 
potentials, energies, and rates of adsorp- 
tion, etc. Such sub-macro variations are 
well-known and have been demon- 
strated by voltage profiles as well as 
measurements of adsorption rates onto 
metal surfaces. Measurements in the 
authors’ laboratory of the adsorption of 
palmitic acid onto iron powder from 
benzene solution indicate differences in 
adsorption constants of fifty-to-one be- 
tween portions of surface covered be- 
tween 0.0-0.3 and 0.95-0.99 fraction 
mono-layer. Such differences in specific 
adsorption rate would correspond to 
differences in adsorption energies of 
about 2.5 Kcal or surface potential dif- 
ferences of about 100 mv. Variations in 
surface potentials of this magnitude are 
not extraordinary. 

Differences in adsorption of radioac- 
tive lead and cobalt ions onto various 
areas of actively pitting aluminum have 
been described by Aziz.” Preferential 
adsorption occurred onto local cathodes. 

In the laboratory of the present au- 
thors autoradiographs taken of steel 
strips which had been exposed to wet 
benzene solutions of radioactive polar 
materials, palmitic acid and cetyl di- 
methyl benzyl ammonium _ chloride 
showed that both materials adsorbed 
preferentially onto local anodes. The 
local anodes were determined by the 
ferroxyl test and/or by appearance of 
rust. It was not possible to show 
whether the materials adsorbed onto the 
local areas because these areas were 
anodic, or whether the areas became 
anodic after adsorption of the polar ma- 
terials. Most evidence points to the for- 
mer hypothesis. 

There are few precise data on the 
distribution of pits, although it is gen- 
erally felt that the distribution is ran- 
dom. A recent paper by Streicher” on 
the pitting of stainless steel indicates 
random distribution of pits in the sys- 
tems investigated. He states: “The data 
obtained from 70 comparable runs on 
Type 304 stainless steel in 0.1 N sodium 
chloride solution fall on a symmetrical 
distribution curve. Efforts to reduce the 
tolerance limits by various methods of 
surface preparation, grinding, and pick- 
ling procedures, and by controlling the 
time between specimen preparation and 
testing were without success.” 

In other systems such as those re- 
ported by Mears and Brown? the pit 
distribution essentially follows a Pois- 
son form. In those described by Aziz,” 
the distribution is more complicated 
than either a Gaussian or Poisson type. 
It may be concluded that because of 
the heterogeneous nature of the surface 
of steel and other industrial metals, 
non-uniform attack on these surfaces 
may be expected in certain environ- 
ments. When the enviroment is not suf- 
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Introduction 


STUDY of the effect of tempera- 
A ture on the cathodic protection of 
iron is of practical importance in con- 
nection with the application of cathodic 
protection to domestic hot water tanks. 
Although extensive field investiga- 
tion’** of cathodic protection of hot 
water tanks using magnesium anodes 
has been carried out, no laboratory in- 
vestigation has been reported in the 
literature. A study of the performance 
of magnesium anodes at higher temper- 
atures is in progress. 


Experimental 

The corrosion cell used in these ex- 
periments consisted of an iron cathode 
and a magnesium anode immersed in 
dilute aqueous solution. The iron cath- 
ode consisted of a black iron’ speci- 
men, 1 inch in diameter and 1% inch 
long with a drill hole 1/16 inch in 
diameter along the backface, contained 
in a rubber holder so that only one face 
was exposed to the solution. The rub- 
ber holder, molded from neoprene rub- 
ber, consisted of: (1) a cylindrical cup 
with inside diameter slightly less than 
1 inch in order that it would fit snugly 
over the iron specimen, and (2) a rub- 
ber extension into which a steel rod, 
1/16 inch in diameter and 6 inches long, 
was molded for electrical contact. A cur- 
rent was supplied through a magnesium 
anode made in a similar manner using 
magnesium specimens machined from 
pure magnesium extruded rod. 

The cells were placed in a constant 
temperature oil bath regulated to within 
1 degree C, Stock solution was stored 
in overhead glass carboys, and flowed 
through a calibrated capillary direct to 
the test solution at the rate of ™% liter 
per hour. The test solution (1% liter) 
Was maintained at a constant level by 
an overflow. The corrosion cells, of 
which about eight were studied at a 
time, were maintained at constant cur- 
rent by discharging a DC voltage sup- 
ply (112.5 volt) through an appropriate 
variable resistance, a calibrated micro- 
ammeter, and the corrosion cell. 

Prior to each experiment the iron 
specimens were abraded on 0, 2/0 and 
3/0 emery, degreased in CCl, cleaned 
in 6N HCl solution with 2 percent Rho- 
dine 60, and weighed. After the experi- 
ment the specimens were cleaned as be- 
fore and reweighed. The runs were from 
one week to 10 days duration. 

Cathodic polarization curves for iron 
in 110 ppm NaCl solution were deter- 
mined using a similar type corrosion 
cell with a silver: silver chloride probe 
electrode (thermal electrolytic type) as 
reference electrode. The potentials of 
% Submitted for publication February 19, 1957. 
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Cathodic Protection of Iron 
In the Temperature Range 25 C-—92 C 


By G. R. HOEY* and M. COHEN* 


the iron specimen, prepared in the same 
manner as for weight loss measure- 
ments, were recorded on a Leeds and 
Northrup Micromax recorder. The ap- 
plied current densities ranged from 
70“ amp cm™* down to zero current in 
steps of 104 amp cm™ or 54 amp cm. 
Each setting of the current was main- 
tained for about 10 hours. 

The corrosion products of the iron 
were analyzed by X-ray analysis. 


Results 


The corrosion rates (mdd) of the 
iron specimens after 7 to 10 days im- 
mersion in 110 ppm sodium chloride 
solution for various applied current den- 
sities and temperatures are shown in 
Figure 1. Corrosion rates of iron speci- 
mens after 10 days immersion — solu- 
tion containing both NaCl and NaHCO, 
for various current densities at 58 C 
are shown in Figure 2. 

Typical potential-time curves for iron 
immersed in 110 ppm NaCl solution ob- 
served during the determination of a 
polarization curve are shown in Figure 
3. Curve 1 was obtained for iron main- 
tained at 70 w amp cm™ without previ- 
ous polarization. The specimen was ,pre- 
viously polarized at 454 amp cm- * fOr 
Curve 2 and at 10 wy amp cm™ for Curve 
3 he sg curves for iron in 110 
ppm NaCl solution at 25 C, 58 C, 75 C, 
92 C, are shown in Figure 4. Two 
curves are drawn at each temperature— 
one through the maximum potentials 
observed at each setting of the current 
after several hours polarization and the 
other through the minimum potentials. 
Standard potentials of the Ag: AgCl; 
NaCl half cell at the various tempera- 
tures studied were calculated from data 
of Bates and Bower.* 

Magnetite with traces of lepidocite 
were identified by X-ray analysis in the 
corrosion products of iron which had 
been immersed in solutions containing 


TEMPERATURE SYMBOLS: 


oO 25 


56 


CORROSION RATE (mdd) 





° 25 50 75 
CURRENT DENSITY (yu acm7?) 


Figure 1—Dependence of corrosion rate of iron in a 
110 ppm NaCl solution on applied current density. 
pH ranged from 9.0 to 9.5. 
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Abstract 


The cathodic protection of iron was 
studied in the temperature range 25 C 
to 92 C. The limiting protective current 
density and the open circuit cathodic 
current density for iron in dilute NaCl 
solution goes through a temperature 
maximum at roughly 75 C. This is ex- 
plained in terms of the effect of de- 
creasing oxygen solubility at the higher 
temperature on the local cathodic re- 
action, 


2H+ + O2 + 4e = 20H- 
Iron corrodes under cathodic control at 
room temperature, whereas at the higher 
temperatures there is a mixed cathodic- 
anodic control. 

Cathodic polarization curves for iron 
in dilute NaCl solution were obtained 
in the temperature range 25 C to 92 C. 
Unsteady potentials were observed in 
the vicinity of the limiting protective 
current, whereas at higher and lower 
currents, steady potentials were ob- 
served. The current density at which the 
potential of the iron reaches —0.5 volt 
on the hydrogen scale gives satisfactory 
protection. 


The nature of the corrosion products 
of iron is unaffected by temperature in 
the range studied. §.2.2 


110 ppm NaCl at room temperature and 
92 C. In addition to magnetite and trace 
quantities of lepidocrocite, trace quanti- 
ties of goethite were identified in the 
corrosion products of iron which had 
been immersed in a soultion containing 
50 ppm NaCl and 150 ppm NaHCO; at 
58 C. Mg(OH)s2 was formed on the iron 
cathodes at cathodic current densities 
greater than the protective value. 


Discussion 
The possible electrochemical reactions 
which may occur on the surface of a 
corroding specimen in aqueous solution 
in the presence of oxygen are: 


2H*+ 2e= H: (Dt Cathodic 
2H++ O. + 4e = 20H" areas 


6 ————__—""""_"" 
CODE TO SYMBULS: 

O — 50 ppm NaCl and 
50 ppm NaHCO, 












@ — 5C ppm NaCl and 
300 ppm NaHCO, 


CORROSION RATE (md.d_) 


oO 25 50 75 
CURRENT DENSITY (ua cm") 


Figure 2—Dependence of the corrosion rate of iron 

at 58 C on the applied current density in solution 

containing NaCl and a pH ranged from 8.5 
to 


mS 
> 






POTENTIAL (u- HYDROGEN SCALE) 


CURRENT DENSITY(u acm) 
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POTENTIAL (u- HYDROGEN SCALE) 


5 10 
TIME IN HOURS 


Figure 3—Potential-time curves for iron in a 110 ppm 

NaCl solution at 75 C, observed during the determi- 

nation of a cathodic polarization curve. Currents for 

curves are as follows: Curve 1—70 ywamp cm-?; 

Curve 2—40 ywamp cm-?; Curve 3—0 vamp cm-*. 
pH was 9.0. 


CURRENT DENSITY(u a cm?) 


50 
TEMPERATURE °C 


Figure 5—Dependence of ix’, ip, and in for iron in 
a 110 ppm NaCl solution on the temperature. pH 
ranged from 9.0 to 9.5. 


Fe == Fe + 2e (3) at the 


anodic areas 


According to the film theories of 
Evans’ and Miiller® the anodic areas 
are pores in a cathodic iron oxide or 
hydroxide film. The products from the 
electrochemical reactions and from the 
reaction, 


2Fe** + 40. + 2H* = 2Fe*** + H:O (4) 


react to form insoluble corrosion prod- 
ucts or rust. 


The rate of corrosion is related to the 
difference between the polarized poten- 
tial of the local cathodes (Ex’) and the 
polarized potential of the local anodes 


(E,’) by Ohm’s Law. 
Ex’ — Es’ = ix (Rs + Rx + Ra) (5) 


where i, is the corrosion current, Rs is 
the solution resistance, Rx is the ca- 
thodic film resistance, and Ra is the 
anodic pore resistance. 


The polarized potentials of the local 
anodes and cathodes may be represented 
by a sum of potentials, 


kx = Ex, 4. Ex, + C1 + NCo2 + Nai+ Naz 


(6) 
E,’ = Ea, + 403 (7) 


Ex,, Ex,, and Ea, are equilibrium po- 
tentials for reactions (1), (2), and (3) 
respectively. ci, 7c2, 7C3 are concentra- 
tion overpotentials for reactions (1), (2) 
and (3), respectively. 7a: and "a2 are 
activation overpotentials for reaction (1) 
and (2) respectively. The activation en- 
ergy for metal dissolution is believed to 
be small’ and was not included in the 
equation for E,’, 


The open circuit cathodic current 


CATHODIC PROTECTION OF IRON IN THE TEMPERATURE RANGE 25 c- 


TEMP 76°C 


POTENTIAL (u HYDROGEN SCALE) 


TEMP 25°C 


92¢ 


TEMP 92°C 


TEMP 58°C 


75 0 25 


CURRENT DENSITY (ya.cm-?) 


Figure 4—Cathodic polarization curves of iron in a 110 ppm NaCl solution at various temperatures. pH 
ranged from 9.0 to 9.5. 


density (ix’) for iron corroding in 110 
ppm NaCl solution with zero applied 
current is plotted versus the tempera- 
ture in Figure 5, assuming that the 
total anodic areas are negligible com- 
pared to the total cathodic area of the 
specimen. This assumption is probably 
valid if, in fact, the local cathodic area 
is an oxide film containing pores or 
discontinuities which act as anodes. ir’ 
goes through a maximum at about 75 C 
(Figure 5). Speller® has first observed 
this effect of temperature on the rate 
of local corrosion of steel in a system 
open to the atmosphere. He considered 
the decrease in corrosion rate in the 
open solution to be due to the decreased 
solubility of oxygen at higher tempera- 
tures since in a closed system he ob- 
served no maximum but a steady in- 
crease of corrosion rate with increasing 
temperature. 


Rate Controlling Corrosion Reaction 


The rate controlling corrosion reac- 
tion may be determined by considering 
equations (5), (6), and (7). In the pres- 
ence of oxygen, the rate of reaction (1) 
is small compared to the rate of reaction 
(2) and may be neglected at zero ap- 
plied currents. The rate of corrosion is 
given by the equation, 


in = ((Exy + 1¢2 + 1a2) — (Ea, + 1¢3))/ 
(Rs + Rx + Ra) (8) 


The solution resistance (Rs) decreases 
slightly with temperature. There ap- 
pears no a priort reason to suspect that 
the protective nature of the corrosion 
products and, thus, (Rx-+ Ra) is af- 
fected greatly by oxygen concentration 
or temperature in the range studied. 
The chemical nature of the corrosion 
products is the same at room tempera- 
ture and 92 C, as shown by X-ray anal- 
ysis. Presumably, the polarized potential 
at the local anodes is not affected by 
reaction (4), since the steady state con- 
centration of Fe** ions probably is de- 
termined by the solubility product of 
Fe(OH). and the pH at the oxygen 
concentration studied. Thus, it appears 
that reaction (2), the rate of which is 
dependent on the temperature and oxy- 


gen concentration, is the rate control- 


ling corrosion reaction. 


Application of Cathodic Current 


The application of cathodic current to 
the iron specimen reduces the corrosion 
rate until at a value of the current, 
called the limiting protective current, the ° 
corrosion rate for all practical purposes 
becomes zero (Figures 1 and 2). A 
qualitative explanation of these curves 
may be obtained if equation (5) is fur- 
ther consideration. 


For cathodically polarized iron a term 
for the ohmic potential drop due to the 
applied current must be included in 
equation (5), which becomes, 


Ex’ — iaRx — Ea’ = it (Rs + Rx + Ra) 
(9) 
where ia is the applied current. 


Ex’ is a function of the total cathodic 
current (applied current plus residual 
corrosion current). Ex’ is independent 
of the applied current for a system 
which corrodes under complete cathodic 
control at currents less than the protec- 
tive value since for this case the total 
cathodic current remains constant. For 
currents greater than the protective 
value and mixed or anodic control, Ex’ 
becomes less cathodic with increasing 
applied current. With decreasing in, 
E,’— Ea” where Ea is the open cir- 
cuit potential of the anode. 

Potential-time curves on cathodically 
polarized iron indicate that a protective 
film is formed during cathodic protec- 
tion, This point will be discussed later. 
Thus, (Rx-+ Ra) probably increases 
with the applied cathodic current. Rs 
would be little affected by the applied 
cathodic current. 

Complete cathodic 
tained when” 

Ex’ —iaRx = Ea (10) 

The protective current (ip) obtained 
from the weight loss data for iron in 
110 ppm NaCl solution is plotted versus 
the temperature in Figure 5. The fact 
that cathodic protection is attained with 
a current not greatly in excess of ix’ at 
room temperature indicates that for this 
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case the iron corrodes under cathodic 
control, A mixed cathodic-anodic con- 
trol probably occurs at the higher tem- 
peratures since a significant change in 
the total area of the cathodes seems 
unlikely. A maximum occurs in the pro- 
tective current versus temperature curve 
as would be expected. 

The general shape of the polarization 
curves for iron in 110 ppm NaCl solu- 
tion (Figure 4) are similar to the ca- 
thodic polarization curves obtained by 
Evans, Bannister, and Britton™ for iron 
in room temperature experiments. They 
did not observe the unsteady potentials 
in the region BC of the polarization 
curve. BC represents depolarization by 
oxygen and the branch CD represents 
evolution of hydrogen. Britton et al 
considered that the corner point B, 
which was clearly defined in their polar- 
ization curve, represents the protective 
current density. They verified this for 
steel by experiments using ferricyanide 
as indicator. Later workers”” have 
shown that determination of the protec- 
tive current in this manner from polari- 
zation curves may lead to low values of 
the protective current as compared to 
direct methods. 


Potential Break Method 


Mears and Brown” have shown, the- 
oretically, that the potential break 
method is valid only for a system which 
corrodes under complete cathodic con- 
trol and that low results would be ex- 
pected for cases of corrosion under 
mixed or anodic control. 

It is not possible to apply the poten- 

tial break method of determining the 
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limiting protective current to the results 
obtained in this work, since in this 
region of the polarization curves the 
observed potentials are very unsteady 
(Figures 3 and 4). However, an empiri- 
cal criterion may be used to determine 
the protective current from these polar- 
ization curves over the temperature 
range studied. The criterion is: the pro- 
tective current is the current density (iz) 
required to polarize the iron to a value, 
not necessarily a steady value, of —0.5 
volt on the hydrogen scale. It can be 
seen from Figure 5 that satisfactory 
agreement between ip and in is attained 
for cathodically polarized iron in 110 
ppm NaCl solution. 


Potential-time curves observed by 
Britton et al® on cathodically polarized 
iron indicate that a protective film is 
formed during cathodic _ protection. 
Curve 3 in Figure 3 was obtained on 
reducing the current from 10 yp» amp. 
cm.” to zero current. The observed slow 
drop of the potential to a less cathodic 
steady potential indicates, in agreement 
with Britton et al, that a protective 
film had been formed at 10 w amp, cm~ 
which breaks down in the absence of 
the applied cathodic current. 


No plausible explanation for the un- 
steady potentials which were observed 
at applied currents in the region of the 
protective current (BC in Figure 4) can 
be suggested. Mellors and Cohen” have 
observed a similar effect for iron in 
chloride solutions containing various 
concentrations of the inhibitors NaNOz, 
and Na;PO,. These workers observed 
very unsteady potentials for iron with 
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concentration of the inhibitor in the 
region of near protection; steady active 
and passive potentials were observed at 
lower and higher concentrations of the 
inhibitors, respectively. 
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Corrosion Rates of Mild Steel 


In NH,NO,-NH,-H,O Solutions* 


By NORMAN HACKERMAN,* RAY M. HURD* and EARL S. SNAVELY* 


Introduction 
MMONIATING LIQUIDS are 
used extensively both as a spray- 

applied fertilizer and as a source of 
nitrogen in mixed fertilizers. These 
solutions contain anhydrous ammonia, 
ammonium nitrate, and water in varying 
ratios, with a total nitrogen content of 
about 40 to 50 percent by weight. The 
physical properties of these solutions, 
including solubility relationships, are 
summarized in a recent publication.’ The 
high nitrogen content, liquid form, and 
relatively low vapor pressure make these 
solutions attractive through ease of han- 
dling and transportation, Another advan- 
tage is the ease with which other plant 
nutrients, phosphates and potash, may 
be incorporated to form the so-called 
“complete mix” liquid fertilizers. 


A major problem in the use of these 
liquid fertilizers is their corrosive nature 
toward common materials of construc- 
tion. Severe corrosion has been encoun- 
tered in steel tanks and equipment used 
ior transporting and storing uninhibited 
solutions.** Various sulfur and arsenic- 
containing compounds, such as thiocy- 
anates, arsenites, thiourea, and mercap- 
tols, have been investigated as possible 
inhibitors for the ammoniating liquids.* ° 


The object of the present investiga- 
tion was to get rates and characteristics 
of the corrosion reaction, and to deter- 
mine the effectiveness of ammonium 
thiocyanate as an inhibitor under condi- 
tions likely to be encountered in the 
use of these solutions. 


Experimental 


The nitrogen solutions were prepared 
irom prilled fertilizer grade ammonium 
nitrate, tap water, and anhydrous am- 
monia in the proportion 4:1:1 by weight, 
respectively. The pH of the solutions 
at 25 C was 10.9 + 0.1. The validity of 
results obtained by the use of this grade 
of ammonium nitrate was checked by 
several runs with reagent grade chem- 
icals and distilled water. The results 
were in complete agreement. 


All steel coupons were cut from the 
same sheet of cold-rolled SAE 1020 
mild steel. They were annealed at 800 C 
in a helium atmosphere, smoothed with 
emery paper, pickled in dilute hydro- 
chloric acid, and washed with water. 
The procedure for stressed coupons was 
the same except that the steel was 
heated to cherry-red and quenched in 
water before pickling with hydrochloric 
acid. 

The corrosion runs were made in 
4-ounce glass bottles containing about 
% Submitted for publication March 28, 1957. 
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Abstract 


Corrosion rates of mild steel in mix- 
tures of NHsNOs3-NH3-H20 were meas- 
ured at temperatures of 30, 45 and 60 C. 
The effects of various sulfur and 
arsenic-containing inhibitors were  stud- 
ied, with particular emphasis on 
NHsCNS. The corrosion reaction was 
found to be markedly affected by 
stresses in the metal to the extent that 
completely stress-relieved coupons 
would not corrode at all. The rate of 
the uninhibited reaction was much 
lower at 45 and 60 C than at 30 C, in- 
dicating a change in the mechanism of 
the corrosion reaction. 

The uninhibited corrosion rate of 3700 
mdd at 30 C was decreased to approx- 
imately 25 mdd with NHsCNS concen- 
trations greater than 0.1 percent. At 
45 C, the most effective inhibitor was 
found to be 0.05 percent 2-mercapto- 
ethanol + 0.05 percent sodium arsenite, 
followed closely by 0.1 percent NHiCNS 
+ 0.05 percent sodium arsenite. Thio- 
cyanate and thiourea alone at concen- 
trations of 0.1 percent were somewhat 
less_ effective. f 

Simple potential measurements using 
a platinum reference electrode showed 
the corroding coupons to be about 0.9 
volt more anodic than the stress- 
relieved coupons. 4.3.4 


200 cc of the nitrogen solution and 
sealed by means of a bakelite screw cap 
with a polyvinyl gasket. Only one 1 
inch x 1% inch x 1/16 inch coupon was 
placed in each bottle so that the ratio 
of solution volume to apparent metal 
surface area was about one liter per 
square decimeter. The coupons were 
supported on glass rods approximately 
in the center of the bottle and out of 
reach of the voluminous pale to dark 
green corrosion products which subse- 
quently accumulated in the bottom of 
the jar (see Figure 1). 

Most of the corrosion rates were de- 
termined by preparing three or four 
identical jars which were opened period- 
ically for removal of the coupons, which 
were then cleaned, weighed and replaced 
for another period of time. This process 
was repeated until the character of the 
plot of weight loss versus time was 
firmly established. 

In actual service the protective nature 
of the corrosion products must be con- 
sidered, so another method was used in 
which a separate coupon was weighed 
for each point on the weight loss—time 
curve. This method, which required an 
excessively large number of coupons for 
each run, was used only until it had 
been established that substantially iden- 
tical corrosion rates were obtained by 
2ach method. 

Runs were made at 30, 45, and 60 C 
by submerging the jars in a water bath 
which was thermostated at the desired 
temperature. At 60 C it was necessary 
to seal the jars in a length of 2%-inch 
pipe closed with caps to prevent loss of 
ammonia (see Figure 2). In order to 
minimize loss of ammonia, these minia- 
ture autoclaves were cooled under the 


7 


tap before opening for examination of 
the coupon. Provision was made for 
pressurizing the autoclaves in order to 
study the effect of air on the corrosion 
rate. 

The corrosion product adhering to 
coupons in the uninhibited solutions was 
a pale green gelatinous precipitate which 
turned dark green on exposure to air. 
This coating was easily washed away 
with water, leaving a very bright metal- 
lic surface on the coupon. When thio- 
cyanate or thiourea was used as an in- 
hibitor, a dark-brown to black corrosion 
product was observed, which also could 
be easily washed away, leaving a smooth, 
gray surface on the coupon. No pitting 
type corrosion was observed in any of 
the tests. 


Results 
Effect of Stress 


While it was found that the uninhib- 
ited nitrogen solutions were very corro- 
sive under the conditions used, it was 
observed that stress-relieved coupons 
were not attacked at all, even at tem- 
peratures as high as 60 C. A large num- 
ber of the stress-relieved coupons were 
placed in solutions, both uninhibited and 
containing various amounts of ammo- 
nium thiocyanate, for a period of over 
three months at 30 C. The coupons 
maintained their original bright surface 
throughout the entire period, and showed 
no weight loss whatsoever. The temper- 
ature of these experiments was then 
raised to 45 C for one week, and then 
to 60 C for another week, but still no 
attack took place. 

Coupons in which stresses were pres- 
ent corroded at the extremely rapid rate 





Figure 1—Corrosion test bottles at the beginning of 
an experiment (left) and after three days with 
uninhibited fertilizer solution at 30 C (right). 
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Figure 2—Pressure equipment for runs at 60 C. 


TABLE 1—Corrosion Rates in Ammoniating 
Liquids* 


TEMPERATURE 


Inhibitor 30C 45C | 60C 


3700 1050 1080 


% NH4sCNS "} 32900 
Y >N 58 
40 


0.1 % : 

+ 0.05% Sodium 
Arsenite. ; 

0.1 % Thiourea 

0.05% Mercapto- 
ethanol 

+ 0.05% Sodium 
Arsenite 


* Milligrams per square decimeter per day. 


shown in Figure 3. Occasionally one of 
the stressed coupons would stop corrod- 
ing abruptly after the loss of only a 
fraction of its initial weight. This effect 
is illustrated by the horizontal portion 
of the curves of Figure 3, Generally the 
coupons corroded until they were com- 
pletely dissolved. The cause for the ab- 
rupt halt in corrosion is not yet known; 
however, annealed coupons which were 
stressed by twisting or bending invari- 
ably stopped after only a few hours, in- 
dicating that in these cases stresses were 
present only in the surface. 

A few simple potential measurements 
were made using a high impedance vac- 
uum tube voltmeter and a coiled plati- 
num wire as an inert reference elec- 
trode. The reaction on the platinum 
surface was not known, so the measured 
potential values could not be correlated 
with the table of standard electrode po- 
tentials. The rapidly corroding coupons 
had a potential of 0.8 to 1.0 volt anodic 
with respect to the reference electrode, 
while the annealed coupons varied be- 
tween 0.002 and 0.030 volt anodic to the 
reference. The small potential differences 
between the platinum and the annealed 
steel, plus the earlier observation that 
the annealed coupons are not attacked 
at all, indicate that stress relieved steel 
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Figure 3—Weight losses in uninhibited solutions at 
30 C. Runs in which the coupon stopped corroding 
abruptly are indicated by X’s and squares; runs in 
which the coupon was completely destroyed are 
indicated by circles and triangles. 
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Figure 4—A comparison of weight losses in unin- 
hibited solutions at 30, 45 and 60 C. 
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Figure 5—Weight losses for three runs in fertilizer solutions containing 0.1 percent NH:CNS at 30. C. 


in these solutions behaves very nearly 
as an inert electrode itself. The corrod- 
ing (stressed) coupons in solutions con- 
taining 0.1 percent NHsCNS had a 
potential of about 1.25 volts anodic to 
the reference. 

Although these potential measure- 
ments were not carried out with suffi- 
cient accuracy to justify quantitative 
interpretations, it is apparent that the 
effect of stress on potential is unusually 
large. As a first opinion, NHsCNS seems 
to inhibit by controlling the cathodic 
reaction, since the potential is even more 
anodic in the presence of the inhibitor. 

It should be emphasized that it is not 
necessary to heat and quench the steel 
samples to get the high corrosion rates 
of Figure 3. The same rates were ob- 
tained on samples cut from cold-rolled 
sheet, with no further treatment, and on 
short pieces of drawn tubing. For a 


short length of drawn tubing welded 
into a plate, the weld joint corrodes no 
faster than the parts away from the 
joint, 


Effect of Temperature 

The corrosion reaction of uninhibited 
solutions changes mechanism completely 
at some temperature between 30 and 
45 C. The corrosion rates at 45 C and 
60 C are approximately ™% of that at 
30 C, as shown in Figure 4. Moreover, 
at the higher temperatures there was no 
accumulation of the heavy pale-green 
precipitate observed at 30 C. 


Effect of Air 

The corrosion rates at 45 C were un- 
affected by subjecting the nitrogen solu- 
tions to 15 psig of air in the miniature 
autoclaves. Rates at 30 and 60 C were 
not measured in the presence of air. 
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Figure 6—Average corrosion rate versus inhibitor concentration at 30 C. 
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Figure 7—Weight losses for three runs in fertilizer solutions containing 1 percent NH:CNS at 60 C. 


Effect of Ammonium Thiocyanate 


Addition 


Corrosion rates were measured for 
nitrogen solutions containing ammo- 
nium thiocyanate in concentrations rang- 
ing from 0 to 1.5 percent by weight. In 
most cases the initial corrosion rate was 
high but after an hour or two the much 
lower rate shown in Figure 5 prevailed. 
The steady corrosion rates for the 
concentrations studied are given in 
Table 1 and are plotted as a function 
of thiocyanate concentration in Figure 
6. For thiocyanate concentrations above 
0.1 percent, the corrosion rate is reduced 
to about 1/200 of the uninhibited rate. 

Thiocyanate is less effective as an in- 
hibitor at higher temperatures (see data 
in Table 1). While 0.1 percent affords 
adequate protection at 30 C, higher con- 
centrations are necessary at 60 C. If 
protection is desired at temperatures up 
to 60 C, a minimum of 1 percent thio- 
cyanate is needed. 


Corrosion rate data at 45 and 60 C 
for solutions containing thiocyanate 
were scattered. This is illustrated by 
Figure 7 which shows data taken on 
three solutions containing 1 percent 
thiocyanate at 60 C. 


Effect of Partial Immersion 


Runs were made with coupons par- 
tially immersed in both inhibited and 
uninhibited solutions. No localization of 


attack or increased rate of corrosion 
was observed. 


Comparison with Other Inhibitors 


Since 0.1 percent thiocyanate is a very 
effective inhibitor at 30 C but somewhat 
less effective at higher temperatures, 
comparison with other inhibitors was 
made at 45 C. 

The following inhibitors and combi- 
nations of inhibitors were tested: (1) 
0.1 percent thiourea, (2) 0.05 percent 
2-mercaptoethanol + 0.05 percent so- 
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Figure 8—Comparison of weight losses in solutions 
containing various inhibitor types at 45 C. 


dium arsenite, and (3) 0.1 percent 
ammonium thiocyanate + 0.05 percent 
sodium arsenite. The average weight 
losses obtained from several runs with 
each are plotted as a function of time 
in Figure 8, and the best estimates of 
the steady rate are given in Table 1. 

Thiocyanate and thiourea are similar 
with respect to effects on corrosion rate 
and appearance of accumulated corro- 
sion products in the nitrogen solution. 
These solutions yielded a reddish-brown 
precipitate while those containing the 
mixtures with arsenite remained essen- 
tially colorless 


Conclusions 

The ammoniating solution tested is 
sufficiently corrosive under normal con- 
ditions that mild steel is inadequate for 
its transportation and storage unless the 
solution is inhibited. 

The uninhibited corrosion rate is 
much lower at 45 and 60 C than at 30 C, 
suggesting a change in reaction mecha- 
nism. 

Stresses play an important part in the 
corrosion process; however, the manner 
in which stresses are introduced in the 
metal does not affect the corrosion rate 
as cold-rolled steel corrodes at the same 
rate as quenched steel. Mild steel in 
which stresses have been removed by 
annealing remain bright and apparently 
corrosion free for months in the am- 
moniating solution. 

Sulfur containing compounds of the 
thiocyanate and thiourea type are effec- 
tive inhibitors at 30 C but their effec- 
tiveness is increased by the addition of 
arsenites. 
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Corrosion of Concrete by Autotrophes* 


By J. H. RIGDON'” and C. W. BEARDSLEY‘) 


Introduction 

ior BELONG to that 

class of ubiquitous one-celled or- 
yanisms that are known as_ bacteria. 
They are widely distributed in soil and 
water. The chemistry of the auto- 
trophes is unusual in that while most 
microbes derive their energy from the 
oxidation of carbon, autotrophes obtain 
the energy for their life processes from 
the oxidation of some other element 
such as nitrogen, sulfur, or iron. 

There is a sulfur cycle in nature just 
as there are nitrogen and carbon cycles. 
Many species of saprophytic bacteria 
are able to reduce the sulfates which 
are present in natural waters and con- 
vert them to hydrogen sulfide. Sulfur 
autotrophes take the reduced sulfur and 
oxidize it back to sulfuric acid, and thus 
they complete the cycle. 

Sulfur bacteria are likely to be found 
wherever warmth, moisture and reduced 
compounds of sulfur are present. They 
are present in soil and in natural 
springs, and they occur in great num- 
bers in sewers. Sewers provide an 
especially favorable habitat for their 
proliferation. 

The problem of bacterial corrosion 
of concrete sewers is a serious one 
which is encountered mainly in warm 
climates such as prevail in California, 
Australia, and South Africa. In places 
where water temperatures in under- 
ground conduits remain below 70 F 
in summer, corrosion of concrete by 
bacteria is generally not troublesome. 

In sewers of small diameter the prob- 
lem of acid corrosion can be avoided by 
using clay pipe conduits. This solution 
is not available for large trunk lines 
inasmuch as a clay pipe of a diameter 
greater than 42 inches is too heavy 
to keep its shape during drying and 
burning. It has been found that con- 
crete is the most practical construction 
material for large trunk sewers. 

Corrosion of concrete structures does 
not occur until the sulfur autotrophes 
become established on the surface. Cer- 
tain necessary conditions must precede 
this development. Sufficient moisture 
must be present to prevent the desicca- 
tion of the bacteria. There must be 
adequate supplies of hydrogen sulfide, 
carbon dioxide, nitrogen compounds, 
and oxygen. In addition, soluble com- 
pounds of phosphorus, iron and other 
trace elements must be present in the 
moisture film. Sewers in the southern 
part of the United States generally pro- 
vide all of the conditions necessary for 
the proliferation of sulfur bacteria. 
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Types of Sulfur Bacteria Present 

Two morphological types of sulfur 
bacteria are commonly found in sewers. 
One is a thread-forming or filamentous 
type. Under the microscope these look 
like fungi, and they are, perhaps, more 
closely related to the fungi than to the 
true bacteria. On the surface of the 
black slime that frequently covers sewer 
walls a gray or white film often may 
be seen. This film is composed of fila- 
mentous sulfur bacteria. The light color 
is due to granules of free sulfur that 
are stored in the cells as a_ reserve 
energy supply. 

There are also non _ thread-forming 
sulfur bacteria of four different genera 
and some twenty or more species. The 
genus Thiobacillus is the one which is 
most destructive to concrete. It may 
be distinguished from the others by its 
failure to accumulate free sulfur in its 
cells. This genus is remarkable for its 
tolerance of acid. Sulfuric acid does not 
completely inhibit the activity of the 
Thiobacili even in concentrations as 
great as 5 percent. 

Under a microscope, autotrophes of 
the genus Thiobacillus are seen as mi- 
nute rods with square ends. They meas- 
ure somewhat less than 1/10,000 inch 
in length and 1/50,000 inch in diameter. 
Their small size is offset by their great 
numbers. In a typical pound of cor- 
roded concrete there is likely to be more 
than two thousand million of these 
bacteria. 

Bacteria of the genus Thiobacillus do 
not consume hydrogen sulfide directly 
when they are cultured in the labora- 
tory. They appear to prefer free sulfur 
and polysulfides as substrates. In sew- 
ers, hydrogen sulfide is transformed into 
free sulfur and polysulfides for their 
use, partly by other organisms and 
partly by non-biological agencies. 

A newly made concrete structure be- 
gins its service life in a strongly alkaline 
condition with free moisture condensed 
upon its surface having in many cases 
a pH of about 12. No species of sulfur 
bacteria will tolerate so alkaline an 
environment. Therefore the concrete is 
temporarily free from corrosion, 

With the passage of time the free lime 
of the hardened cement paste is slowly 
transformed into carbonate by _ reac- 
tion with the carbon dioxide of the air. 
This neutralization reaction continues 
until the pH of the concrete has fallen 
below 9. At this level of alkalinity a 
species of sulfur bacteria known as 
Thiobacillus thioparus can live. Using 
hydrogen sulfide as a substrate, these 
organisms generate thiosulfuric and 
polythionic acids. The pH of the sur- 
face moisture steadily declines and the 
concrete becomes host to other organ- 
isms which are concerned with the 
oxidation of sulfur. 

When the surface moisture has be- 
come distinctly acid the autotrophes of 
the species Thiobacillus thioxidans and 
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Abstract 


The various types of sulfur bacteria 
which can be present in concrete sewers 
are described and conditions which are 
necessary for their existence are listed. 
There are three steps in the destruc- 
tion of concrete sewers by autotrophes: 
(1) production of hydrogen sulfide by 
the reduction of sulfates or by the 
action of proteolytic bacteria, (2) oxida- 
tion of the hydrogen sulfide to sulfuric 
acid by the sulfur bacteria, and (3) 
decomposition of the calcium silicates 
of the portland cement by the sulfuric 
acid. A number of countermeasures 
which can be taken to prevent these 
conditions are discussed. They include 
the designing of sewers for rapid flow, 
ventilation, and the use of protective 
coatings, 3.3.4 


the closely related species Thiobacillus 
concretivorus begin to proliferate. These 
organisms do not thrive on neutral or 
faintly acid surfaces. But below a pH 
of 5 they become active and begin 
to generate sulfuric acid. The habitat 
becomes too acid for competing species 
to survive. The concrete softens to a 
plastic consistency while the pH of 
the free moisture declines to a level 
of 2 or less. 

Although in most environments con- 
crete is remarkably stable and durable, 
the calcium silicates and aluminates that 
compose the cement are reactive. They 
are decomposed by acids and by solu- 
tions of certain salts. Cement bonded 
products such as concrete, mortar and 
transite are slowly disintegrated by 
weak organic acids. The attack of strong 
mineral acids is much more rapid. No 
cement bonded product can long with- 
stand the action of sulfuric acid. 


Corrosion Process 

A corrosion process can usually be 
analyzed into a sequence of steps. When 
this is done the process may be halted 
by interrupting the sequence at any 
one of the steps. There are four steps 
in the destruction of concrete sewers 
by autotrophes: (1) Production of hy- 
drogen sulfide in the sewage by the 
reduction of sulfates and the decom- 
position of proteins. (2) Escape of the 
hydrogen sulfide from the sewage into 
the sewer atmosphere. (3) Oxidation of 
hydrogen sulfide to sulfuric acid by 
sulfur bacteria. (4) Decomposition of 
hardened cement pastes by sulfuric 
acid. 

Interrupting this sequence at any step 
will save the concrete. Corrosion pre- 
vention has been attempted by various 
methods which seek to obstruct one 
or more of these steps. 

Prevention of the build-up of hydro- 
gen sulfide in sewage has been at- 
tempted with some success by designing 
sewers for rapid flow. Increased tur- 
bulence in the flowing stream promotes 
oxygen absorption at the surface. When 
absorbed into the water, oxygen tends 
to prevent the reduction of sulfates and 
to destroy hydrogen sulfide already 
present. 
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Several formulas have been developed 
to enable the engineer to determine 
velocities which will prevent sulfide 
build-up. When using them it should 
be realized, however, that the activities 
of complex biological systems cannot 
be reliably predicted by mathematical 
formulations. Obscure determinants 
which cannot be taken into account may 
intervene to produce unexpected re- 
sults. A forecast as to whether genera- 
tion of sulfide will take place in a pro- 
jected sewer line can never be more 
than an estimate of probabilities. 

The build-up of hydrogen sulfide in 
sewage may be retarded or prevented 
by cleaning the sewer and especially 
by removing sludge deposits from the 
bottom and slime growths from the 
walls. The effectiveness of such measures 
is only temporary. In warm weather 
slime growths form again in about thirty 
days. In lines where flow velocities are 
low, sludge deposits accumulate in a 
few months. 


Chemical Treatments 

There are several different chemical 
treatments that may be used to suppress 
the first step of the corrosion sequence. 
Chlorine or hypochlorites of sodium or 

calcium may be added to the sewage. 
These oxidants have a strong bacterici- 
dal action which reduces the numbers 
and activity of the organisms that gen- 
erate hydrogen sulfide. Sulfides that are 
already present are oxidized to sulfate. 

Treatment of the sewage with sodium 
nitrate reduces the production of hydro- 
gen sulfide. The nitrate acts as a source 
of oxygen to the bacteria and no sulfate 
is reduced to sulfides as long as nitrate 
is present. The addition of about 30 
ppm of nitrate to sewage has_ been 
found to delay the formation of sulfide 
for about 24 hours. 

Other chemical treatments are avail- 
able. Chemical treatments find little 
practical application, however, for they 
are generally too expensive for regular 
use on large volumes of sewage. Oc- 
casionally they are useful for specific 
small scale applications. When the re- 
quired reagents may be obtained from 
available industrial wastes they are 
especially advantageous. 


Escape of Hydrogen Sulfide 


The second step of the corrosion se- 
quence is the escape of hydrogen sulfide 
from the surface of the sewage into the 
sewer atmosphere. The tendency to 
escape may be decreased by increasing 
the pH of the sewage. Increasing al- 
kalinity causes unionized hydrogen sul- 
fide to pass over into the ionized condi- 
tion, and it is only the unionized sulfide 
that is able to escape as a gas from 
the surface of the flowing stream. Hy- 
drated lime is the cheapest and most 
economical chemical for this type of 
treatment. 

Various other chemical treatments are 
available for inhibiting the second step 
of the corrosion sequence. Soluble salts 
of such metals as copper, zinc, and iron 
may be added to the sewage. The ions 
of these metals precipitate hydrogen 
sulfide from solution as insoluble me- 
tallic sulfides. As long as they are 
present no sulfide can escape into the 
air. Copper is especially effective, for 
the ions have a strong bacteriostatic 
action and they effectively inhibit 
further generation of sulfide by the 
bacteria. 

No hydrogen sulfide escapes from 
solution when the sewer flows full to 


CORROSION OF CONCRETE BY 


the top. This condition prevails in force 
mains and inverted siphons and thus 
conduits of this type are never affected 
by sulfide corrosion. It is not econom- 
ical to design collecting lines and trunk 
sewers to run full to the top. Such 
designs make no provisions for the 
variations in flow and for the increased 
capacity which inevitably becomes nec- 
essary. 


Oxidation of Hydrogen Sulfide 

The third step in the corrosion se- 
quence is the oxidation of hydrogen 
sulfide to sulfuric acid. This conversion 
is effected by sulfur autotrophes pro- 
liferating on the moist sewer walls 
above the flowing stream. These organ- 
isms require a regular supply of hydro- 
gen sulfide, carbon dioxide, nitrogen 
compounds and oxygen. They also 
need a moist surface on which to live. 
Interruption of this step of the corrosion 
sequence may sometimes be accom- 
plished by ventilation of the sewer. 
If a flow of air is maintained through 
the conduit in sufficient volume to dry 
out the walls, the sulfur bacteria can- 
not survive. Ventilation also is an effec- 
tive method of reducing odor nuisances 
which are likely to result from the 
same conditions that lead to acid cor- 
rosion by autotrophes. Where ventila- 
tion can be practised it is an effective 
way of dealing with corrosion and odor 
problems. 

Ventilation of sewers is generally not 
practical in densely populated districts 
unless the air which is withdrawn from 
the sewer is deodorized. The volumes 
of air which must be handled to secure 
effective odor and corrosion control 
range from 10,000 to 50,000 cubic feet 
per minute. Deodorization of sewer air 
in such quantities presents serious engi- 
neering problems which may have no 
economically feasible solutions. 

Another method of inhibiting the con- 
version of sulfide to sulfuric acid often 
occurs to engineers when they study 
the corrosion of concrete by autotrophes 
for the first time, It has the appearance 
of a simple, easy, and economical solu- 
tion to the problem. The sewer wall 
may be coated with a bactericide which 
will prevent the autotrophes from 
growing. 

An extensive series of experiments 
of this type was carried out by one of 
the authors in the San Fernando Valley 
outfall sewer in 1953. Areas of the 
sewer wall were carefully cleaned and 
coated with every type of disinfectant 
and bactericide and fungicide that 
seemed cheap enough to be practical 
for large-scale use. Such compounds 
as copper naphthenate, rosinamine ace- 
tate, pentachlorophenol, orthodichloro- 
benzene, trichlorobenzene, and various 
quaternary ammonium compounds were 
tested. None of these compounds were 
effective for more than a few weeks. 

If the compound was soluble in water 
the effect lasted only a few days. If it 
was completely insoluble it did not 
inhibit the bacteria. If, like pentachloro- 
phenol, it was very slightly soluble the 
bacteria would be held back for a few 
weeks. Then they would slowly extend 
their slimy films over it and start pro- 
liferating in the usual way. 


Disintegration of Concrete 
The fourth step in the corrosion se- 
quence is the disintegration of the 
concrete by the acid which the auto- 
trophes have produced. Various expedi- 
ents have been tested for counteracting 
the attack at this step. 


AUTOTROPHES 
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Acidproofing admixtures which may 
be incorporated into the concrete at 
the time that it is made are sometimes 
advocated. The claims for these prod- 
ucts can seldom be verified. Water- 
repellent substances, when used in a 
dense well-graded concrete mix, may 
serve to slow the rate of attack. Mere 
slowing-down of the attack does not 
constitute acid-proofing. It has never 
been shown that any admixture or com- 
pound which is incorporated into the 
concrete at the time of ae will 
make it immune to strong acid. con- 
crete mix is necessarily i with 
water and it remains permeable to water 
and to acids in water solution after 
hardening. Hardened cement pastes are 
soluble in strong acids and it is unlikely 
that immunity to acid attack can be 
built into any product that is bonded 
with portland cement. 

The character of the aggregate has 
only a minor effect on acid resistance. 
A coarse aggregate may contribute me- 
chanical protection when water veloci- 
ties are high. The corrosion product 
of the cement mortar which bonds the 
aggregate together, is a semi-gelatinous 
paste of sand and gypsum. When the 
coarse aggregate has been partially ex- 
posed the projecting surfaces of the 
larger pieces help to hold the sand- 
gypsum paste and keep it from being 
swept away. The paste thus remains 
to interpose a barrier between newly 
formed acid and the unreacted cement. 
When it has accumulated to a depth 
of an inch or more further corrosion 
becomes very slow. The coarse aggre- 
gate, after exposure, may thus contrib- 
ute to the protection of the concrete. 


Use of Protective Coatings 

Another method of inhibiting the acid 
corrosion is a familiar one to corrosion 
engineers. The concrete may be given 
a protective coating. Three factors affect 
the ability of the coating to protect 
the concrete: (1) Chemical resistance 
of the coating to acid. (2) Impermeabil- 
ity of the film. (3) Adhesion of the film 
to the concrete. The coating must have 
these properties in full measure and 
retain them unimpaired over a long 
period if it is to be successful. 

Many organic coatings are resistant 
to acid. The copolymers of butadiene 
and styrene, the vinyl chloride copoly- 
mers, and the bisphenol epichlorhydrin 
polymers, all have excellent acid re- 
sistance. Bituminous materials, such as 
asphalt and coal tar also have this 
property. 

Surface coatings of such materials 
are effective in the degree that they 
keep the acid away from the concrete. 
Adequate protection depends upon long 
continued impermeability. Coatings that 
are brushed, sprayed, or rolled on sel- 
dom give complete protection. Such 
coatings are likely to have minute per- 
forations or pinholes that permit the 
acid to pass through. When this happens 
the imperfections rapidly increase in 
size,. until the entire surface is involved. 
Relatively good protection or almost 
complete protection is not good enough. 

Consider the case of an organic coat- 
ing on concrete. The protecting film 
is inert to acid and almost completely 
continuous. The continuity of the film 
is so perfect that there is only minute 
perforation a few thousandths of an 
inch in diameter in each square foot 
of coating. These defects involve only 
about one part in fifty million of the 
surface and they cannot readily be de- 
tected by visual inspection. 
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In service in the sewer such defects 
are fatal. The acid penetrates through 
the perforation and attacks the concrete 
behind it. The concrete reacts and ex- 
pands enlarging the breach in its pro- 
tecting cover. Disruption spreads from 
each perforation, 

A successful means of protecting con- 
crete sewers from acid attack has been 
to cover the surfaces exposed to the 
activity of the autotrophes with sheets 
ot PVC plastic. The forms over which 
the concrete is cast are lined with the 
sheets. When the forms are removed 
the interior surfaces of the conduit are 
protected by the dense and impermea- 
ble plastic. The sheets are about six 
hundredths of an inch thick. In 
service they are firmly held in place by 
T-shaped projections which are inte- 
grally molded with the sheet and em- 
bedded in the concrete. The joints 
between the sheets are covered with 
weld strips. At the completion of con- 
struction the continuity and impermea- 
bility of the plastic sheet may be verified 
with a spark tester. 

The protection afforded by 
plastic sheets anchored in 
T-lock projections has proved 


these 
place by 
satistac- 


Any discussions of this article not published above 


tory in service. Installations which were 
made ten years ago are still in excel- 
lent condition, The full term of service 
of which they are capable is as yet 
unknown, although the useful life will 
certainly be much longer than _ ten 
years. Gradually a slow stiffening of 
the plastic occurs. This change may be 
due to loss of plasticizer or to physical 
and chemical changes that take place 
at a very slow rate. The hardening 
that occurs in the first ten years does 
not appear to be detrimental. 
Another method of protection is a 
lining of vitrified clay tile. This method 
has been employed extensively by the 
City of Los Angeles. The tiles which 
are generally about 12 x 18 inches, are 
molded with anchoring lugs at the 
back. They are laid with their faces 
against the concrete forms and _ the 
concrete is cast over them. When the 
forms are removed the tiles are held 
in place by the anchoring lugs. 
Several precautions should be ob- 
served if concrete is to be protected 
by tile liners, The joints between the 
tiles must be sealed with an acid- -proof 
jointing compound and the porosity of 
the tiles must be kept to a minimum. 


will appear in the June, 1958 issue 


ERRATA 


Corrosion Products of Mild Steel in 
Hydrogen Sulfide Environments by 
*. H. Meyer et al. Corrosion, Vol. 14, 
No. 2, 109t-155t (1958) Feb. 


Page 113t, column 1, line 11 should read: 
10. Figure 9 shows that the reactions 


lines 8 and 9, 
‘more hydrogen 
should be deleted. 


On page 114t, column 3, 
statement (2) beginning ‘ 
ions... 


On page 110t, two changes should be 
made in Table 1. In first line of 
column 3 the formula for crystal struc- 
ture type for kansite should read 
“CooSs” instead of “C,OSs”, In line 4 
of column 7, the magnetic susceptibility 
of phrrhotite should read “Ferrimag- 
netic” instead of “Ferromagnetic” 
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Care should be taken to secure concrete 
aggregates that are stable and non- 
reactive. 

Failure to observe these precautions 
may lead to the loss of the protecting 
cover from the concrete. Ceramic clay 
is a brittle material. Any chemical reac- 
tion of the concrete that results in 
expansion will break the anchoring lugs 
and allow the tile to drop. Such reac- 
tions have occurred by penetration of 
acid through the joints between the tiles 
and through capillary chanels in porous 
tiles. Tiles also have been broken loose 
by expansive reactions of concrete ag- 
gregates with the alkalies of portland 
cement. 
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Success Is Reported With Squeeze Inhibition 





Silicon lron Anodes Replace 
Carbon in Cable Duct Run 


Substitution of high silicon cast iron 
anodes for carbon anodes has been pro- 
posed as one expedient for temporary 
protection of a number of lead cables 
in a tile duct run. Eventually, according 
to the report made to a T-4B Corrosion 
of Cable Sheaths Committee meeting at 
St. Louis during March, 1957, the cables 
will be replaced with others having non- 
metallic protective coverings. 

This discussion developed during a 
report in which graphite anodes used in 
a cable duct carrying between one and 
1% amperes had developed deposits of 
products with the appearance of lamp 
black at intervals of one foot, appar- 
ently coinciding with the joints in the 
duct line. The anodes were not under 
water for any length of time. Lead 
sheaths were maintained at a potential 
of about 0.5 volt negative. 

A strong odor of chlorine gas was 
noted when the sealed ducts were 
opened. 


Equipment Variety 
Unimportant in 
Dynamic Testing 


Results of dynamic tests of inhibitor 
efficiency made by nine oil company 
laboratories show about the same re- 
sults when inhibition in the 90 percent 
area is achieved. This is true no matter 
what kind of variation is used in the 
type of equipment used in the test, one 
member of T-1K-1 told a meeting of 
T-1 at Oklahoma City during the Octo- 
ber South Central Region meeting 
there. When efficiencies in the 50 per- 
cent range are compared, however, there 
is a wide dispersion of results, approxi- 
mately what would occur in results of 
one experimenter alone. 

This information was given as a re- 
sult of discussions on the task group’s 
work on a dynamic inhibitor test. The 
group aims at establishing tests for sour 
and sweet systems of two types, one 
for screening and one for evaluation. 

One of the aims of the group is to 
derive correlations related to oil-brine 
ratio and inhibitor concentration which 
will eliminate the need for testing every 
inhibitor in every well before using. 
The significant factor seems to be the 
ratio of inhibitor versus the oil, although 
the concentration must be increased 
when the water:oil ratio goes up be- 
cause more inhibitor is leached into the 
water. 

Initial evidence developed by the 
group indicates that factors such as size 
of flasks, volume of material used and 
number of rotations per minute are not 
critical. 





Electrical Probe Sometimes 
Gives Erratic Readings 


Erratic results have been reported 
from electrical probe corrosion measur- 
ing instruments exposed in oil wells. 
Members of T-1 discussing the instru- 
ments at a committee meeting in Okla- 
homa City said that these effects appar- 
ently resulted from deposits on the elec- 
trode from oil well fluids. 

One member reported that when the 
probe became coated, pitting attack oc- 
curred at the end where it was insulated 
and that this corrosion did not register 
on the dial. 


Task Group Formed 
On Chemical Cleaning 


A task group on chemical cleaning 
has been formed by Unit Committee 
T-8. Mr. F. B. Hamel, Standard Oil Co. 
(Ohio) has been ap- 
pointed to serve as 
temporary chairman. 
The task group will 
serve as a clearing 
house for reports of 
both good and bad 
engineering proce- 
dures and results; 
inake specific recom- 
mendations as to 
how chemical clean- 
ing operations can 
be better controlled 
and prepare certain 
recommended procedures for perform- 
ing the chemical cleaning operations. 

The task group plans to have a pre- 
liminary meeting in San Francisco. 


Fritts Elected Head of 
T-6E Coatings Unit 


Um. Committee T-6F, Protective 
Coatings in Petroleum Production, has 
elected C. J. Fritts, 
Socony Paint Prod- 
ucts Co., Houston 
and F. E. Blount, 
Atlantic Refining 
Co., Dallas, chair- 
man and vice chair- 
man respectively. 

Mr. Fritts has been 
concerned with cor- 
rosion control since 
1949. He has a BS 
in industrial chemis- 
try from the Uni- 

Fritts versity of Kentucky. 

Mr. Blount has been a member of 
NACE for five years. He has a BS in 
chemistry and has had six years’ experi- 
ence in corrosion work in the U: S. 
Navy. 


Hamel 





63 








Two Factors Given 


For Successful 
Use of Method 


Successful inhibition of corrosion in 
oil wells using the squeeze method 
seems to depend on: First, getting a 
substantial coating of inhibitor on cor- 
roding surfaces. Secondly, squeezing in- 
hibitor into the formation so that its 
gradual return to the well repairs the 
depleted inhibitor and maintains the 
film. When these two conditions are met 
squeeze methods usually produce good 
results, according to members of T-l. 
These facts developed during a commit- 
tee session at the NACE South Central 
Region conference at Oklahoma City. 

Several members reported on squeeze- 
inhibition experience. One member said 
100 wells have been treated successfully, 
while another said numerous wells over 
a wide geographical area had been so 
treated successfully every three months, 
except that wells making sand _ get 
needed treatment every 18 days. 


Tubing Life Extended 

Checks on the efficiency of the 
squeeze method are made by recording 
iron content, tubing surveys and from 
replaced equipment. One report indi- 
cated that in one field tubing life before 
squeeze inhibition started was from 3 
to 9 months and that after inhibition 
tubing was still good after two years. 

Another member reported tests on oil 
and condensate wells with one success- 
ful and two questionable. Coupons ex- 
posed in the well during inhibition treat- 
ment indicated 98 percent protection for 
the first three weeks. This declined 
steadily to 35 percent after six months. 
In this test a long-term series of cou- 
pons was exposed before inhibition 
started and as they were withdrawn for 
inspection, they were replaced with 
short term coupons. 

The short term coupons indicated no 
protection after three weeks. This dii- 
ference in reaction between the long and 
short term coupons was the basis for 
the hypothesis on inhibition mechanism 
involving initial coating with a heavy 
slug of inhibitor. The volume of inhibi- 
tor leached from the formation was un- 
able to protect the new coupons but 
sufficient to maintain protection on the 
old ones. 


Others Results Noted 

Of all wells squeezed the method 
seems to have adversely affected pro- 
duction of only one, The consensus was 
that there was more improvement than 
bad effects from the treatment. 

Nearly everyone using the squeeze 
method tests inhibitors in well fluids for 
compatibility. 

It is estimated that 150 wells have 
been given squeeze inhibition. 
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Data From 43 Wells Over 5000 psi Tubing 








Pressure Encourages Committee's Inquiries 


Some data have been received by 
T-1B-1 High Pressure Well Completion 
and Corrosion Mitigation Procedure 
which have encouraged the committee 
to ask for data from every well with 
tubing pressure over 5000 psi. The basic 
information collected is designed to give 
the committee a basis for considering 
corrosion mitigation measures. 

At a meeting of the committee in 
Oklahoma City during the South Cen- 
tral Region NACE conference there the 
committee reported the following data 
have been received from 12 companies 
cooperating: 


43 wells are described, including two 
dual wells. 

3ottom hole temperature range, 173- 
300 F. 

3ottom hole pressure range, 6220- 
12,395 psi. 

Carbon dioxide content, 0.09—3.30 
percent. 

Salt water chloride content, 20 to 
99,000 ppm. 

Iron content of water, 20—480 ppm. 

13 operations used stainless steel in 
some form. 

The committee plans to extend its in- 
quiry to cover almost all wells with tub- 
ing pressures in this range. 





HIGH QUALITY IS MAINTAINED BY 
CONSTANT LABORATORY TESTS OF 


INGREDIENTS AND PROCESSES | wunsows 





Send for a complimentary copy 
of our recently revised booklet 
“The Painting of Ships."’ It is 
an outline of the latest approved 
practices in all marine main- 
tenance. 





INTERNATIONAL 
PAINTS 


fats «= Guif Stocks at: 


SAN ANTONIO MACHINE & 
SUPPLY CO. 
Harlingen, Texas 
Phone: GArfield 3-5330 
SAN ANTONIO MACHINE & 
SUPPLY CO. 
Corpus Christi, Texas-Phone: 2-6591 
TEXAS MARINE & INDUSTRIAL 
SUPPLY CO. 


Houston, Texas 
Phone: WAlInut 6-1771 


TEXAS MARINE & INDUSTRIAL 
SUPPLY CO. 
Galveston, Texas ----- Phone: 5-8311 
MARINE & PETROLEUM SUPPLY CO. 
Orange, Texas 
Phone: 8-4323—8-4324 
RIO FUEL & SUPPLY CO., INC. 
Morgan City, La.-Phone: 5033-3811 


ROSS-WADICK SUPPLY COMPANY 
Harvey, La.-Phone: FlIlimore 1-3433 
VOORHIES SUPPLY COMPANY 
New Iberia, La.--Phone: EM 4-2431 
MOBILE SHIP CHANDLERY CO. 
Mobile, Ala.-Phone: HEmlock 2-8583 


BERT LOWE SUPPLY CO. 
Tampa, Florida -----Phone: 2-4278 


International Paint Company, Inc. 


Offices: 


New York 6, N. Y., 21 West St., Phone: WHitehall 3-1188 
New Orleans 15, La., 628 Pleasant St., Phone: TWinbrook 1-4435 
So. San Francisco, Cal., So. Linden Ave., Phone: PLaza 6-1440 


NGINEERS 





Bruckner and Compton 
Head De-Icing Salt Unit 





Bruckner Compton 


Unit Committee T-4D, Corrosion by 


Deicing Salts has elected W. H. Bruck- 
ner, University of Illinois, Urbana and 
kK. G. Compton, Bell Telephone Labo- 
ratories, Murray Hill, New Jersey, 
chairman and vice chairman, respec- 
tively. 

Mr. Bruckner is a research associate 
professor of electrical and metallurgical 
engineering at the University of Illinois 
and a technical director of the cathodic 
protection laboratory there. He _ has 
been on the research staff of the Naval 
Research Laboratory, American Smelt- 
ing and Refining Company and the 
Crucible Steel Company. 

Mr. Compton has worked with cor- 
rosion problems for more than 25 years 
at Bell Telephone Laboratories. He has 
been active on corrosion committees of 
several technical societies. He received 
his training in electrical and chemical 
engineering and in electrochemistry at 
the State College of Washington. 


Dump Bailer Method 
Successful on Over 
84 Percent of Wells 


Successful inhibition of 84 percent 
of 746 oil wells by the use of the dump 
bailer was reported to T-1 at its Okla- 
homa City meeting last October. Re- 
sults with the dump bailer were good 
in all but 5 to 7 cases. 

Among the points raised during the 
discussion were: 

1. About 2% quarts are dumped at 
15-day maximum intervals. 

2. Four wells treated with the dump 
bailer technique at 10-day intervals 
have shown no drop in iron content but 
caliper surveys indicate no increased 
corrosion. 

3. Large bailers are being made to 
hold at least 4 quarts. 

4. One operator found no difference 
in results related to inhibitor concen- 
trations of 20, 50 and 80 percent active 
inhibitor. This operator uses 80 percent 
active inhibitor. 

5. When an inhibitor is pumped into 
a well it seems to protect the top and 
middle zones, as indicated by caliper 
surveys. When started at the bottom, 
the bottom is protected and then the 
protection diminishes toward the top 
of the well. 


Stressed Coupons Used 

Some use of stressed coupons in well 
heads to get data on stress as well as 
corrosion has been reported to T-1. 
This is being done in Canada as well 
as in parts of the United States. 
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CORROSION IS COSTLY 
control it with CALGON’ 


Corrosion damage to cooling and service water sys- 
tems is costly in more ways than one. When you 
count replacement costs of the system itself, and add 
to that the expense of delays and outages and even 
damage to high priced equipment, corrosion looms 
as a very large cost factor. 

Systems can be protected against these needless 
costs. Calgon Engineering Service can provide the 
right answer to your particular problem. Water tem- 
perature and chemical makeup, the type of system, 
the metals exposed to water damage, these, and 
many other factors, determine the Calgon engineer’s 
recommendations. 

Calgon* is used to control destructive corrosion in 
tubing and heat exchangers, even at elevated tem- 
peratures. Provision is made for the control of or- 
ganic growths and for the protection of cooling 





towers, as well. In each case, treatment is set up to 
protect the entire system. 

Many years of experience with industrial water 
problems in all parts of the country is the reason why 
Calgon Engineering Service can provide reliable pro- 
tection for your plant. A letter or phone call will put 
one of these experts to work for you. 


*Calgon is the Registered Trademark of Calgon Company for its sodium 

phosphate glass (sodium hexametaphosphate) products. The use of 
polyphosphates for the prevention of corrosion is covered by U. S. 
Patent 2,337,856. 


COMPANY 


Be DIVISION OF HAGAN CHEMICALS & CONTROLS, INC. 





HAGAN BUILDING, PITTSBURGH 30, PENNSYLVANIA 


DIVISIONS: CALGON COMPANY, HALL LABORATORIES 
'1N CANADA: HAGAN CORPORATION (CANADA) LIMITED, TORONTO 
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AN OUNCE OF PROTECTION 








IS WORTH A POUND OF REPAIR 


SPI/APipe 
particularly when you specify..4_ U7, 


SPECIFICATIONS 







2/32” 2/32” 2/32" 2/32” 2/32" 
Enamel Enamel Enamel | Enamel | Enamel 
Gl Gl 1/32” 0/32" 1/32” ies" 
he ae Enamel Enamel Enamel Enamel 

jaan 
1/32 Gloss Glass 

Enamel 
Bebe X or X or X or X or 

dan ee Seal Coat] Seal Coat}Seal Coat] Seal Coot 
elt 

Enamel Enamel Enamel Enamel 


These specifications available in any type of enamel or asphalt 







ENAMELS 







Yes, sir, and an ounce of Standard Pipeprotection is worth 
more than a pound of repair, for Standard Pipeprotection is 


the finest coating and wrapping you can buy. 


Pipe once underground, becomes most expensive to dig up 
and repair or replace. Make sure your pipe stays down by 
specifying SPI coating and wrapping. Choose any of many 


specifications. 


THROUGH 
| FREIGHT 


RATES AT 
THE ST. LOUIS 
GATEWAY 





® 


standard pipeprotection inc. 
3000 SOUTH BRENTWOOD BLVD.- ST. LOUIS 17, MISSOURI 


Wire Line Retrievable 
Valves Used in East Texas 


Wire line retrievable subsurface valves 
are being used in some East Texas sour 
crude wells. The valves are being in- 
stalled in an effort to permit injecting 
inhibitor into the annulus through the 
valves. 

One member reported that an initial 
experiment with 38 subsurface valves 
was satisfactory because only 4 to 5 per- 
cent of them worked. The method in- 
volves injection of either water or oil 
soluble inhibitors. 


Plastic Coated Tubing Used 


Some wells are being completed with 
plastic coated tubing and a valving de- 
vice that permits bringing in without 
swabbing. Tubing can be unloaded down 
to 6500 feet using 3000 psi air pressure. 


TECHNICAL 
REPORTS 


on 
CORROSION in 
UTILITIES 


T-4B Cell Corrosion on Lead Cable 

Sheaths. Third Interim Report of 
Technical Unit Committee T-4B on Corrosion 
of Cable Sheaths. Compiled by Task Group 
T-4B-1 on Corrosion of Lead and Other 
Metallic Sheaths. Publication No. 56-9, Per 
Copy $.50. 


T-4B-2 Cathodic Protection of Cable 

Sheaths. Fourth Interim Report of 
Technical Unit Committee T-4B on Corrosion 
of Cable Sheaths. Compiled by Task Group 
T-4B-2 on Cathodic Protection. Publication 
56-13. Per Copy $1.00. 


T-4B-3 Tests and Surveys for Lead Sheathed 
Cables in the Utilities Industry. Sec- 
ond Interim Report of Technical Unit Com- 
mittee T-4B on Corrosion of Cable Sheaths. 
Publication 54-6. Per Copy $.50. 


T-4B-4 Pipe-Type Cable Corrosion Protec- 

tion Practices in the Utilities In- 
dustry. First Interim Report of Technical 
Unit Committee T-4B on Corrosion of Cable 
Sheaths. Corrosion, Sept. ‘54 issue, Publica- 
tion 54-3. Per Copy $1.00. 


T-4B-6 Stray Current Electrolysis. Fifth 

Interim Report of Technical Unit 
Committee T-4B on Corrosion of Cable 
Sheaths, prepared by Task Group T-4B-6 on 
Stray Current Electrolysis. Publication No. 
57-1. Per Copy $1.00. 


T-4F-1 Progress Report of Task Group 
T-4F-1 on Water Meter Corrosion. 
Per Copy $.50. 


TP-12 Report on Electrical Grounding Prac- 
tices. Per Copy $.50. 


TP-19 Corrosive Effects of Deicing Salts— 

Progress Report by Technical 
Practices Committee 19. Corrosion, January, 
1954, issue. NACE members $.50; Non-mem- 
bers $1 per copy. 


Remittances must accompany all orders for It- 
erature the aggregate cost of which is less than 
$5. Orders of value greater than $5 will be in- 
voiced if requested. Send orders to National 
Association of Corrosion Engineers, 1061 M & M 
Bldg., Houston, Texas. Add 65c per package to 
the prices given above for Book Post Registry to 
all addresses outside the United States, Canada 
and Mexico. 


NATIONAL ASSOCIATION 


OF CORROSION ENGINEERS 
1061 M & M Bldg. = Houston 2, Texas 
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TRETOLITE 
COMPANY 


DIVISIONS OF PETROLITE CORPORATION 


369 Marshall Avenue, Saint Louis 19, Missouri 
5515 Telegraph Road, Los Angeles 22, California 


Chemicals and Services for the Petroleum Industry 


DESALTING + CORROSION INHIBITING 
DEMULSIFICATION « SCALE PREVENTION « WATER 
DE-OILING ¢ METAL DEACTIVATION ¢ ADDITIVES 


KR-58-2 


TECHNICAL COMMITTEE ACTIVITIES 


corrosion coupons prove... 


KONTOIL 


REDUCED CORROSION IN 
PLATFORMER OVERHEAD 
VAPOR RECOVERY SYSTEM 
FROM 11.74 10 14 MPY* 


In an eastern refinery severe corrosion was encountered 
in the prefractionator overhead vapor recovery system in 
one of its platformers. This unit was charged with about 
1500 b/d of naphtha—300 bbls. overhead, 1200 bbls. re- 
moved as side cut and used as charge to reactors. 

After the first month of operation, overhead vapor line 
and reflux line of silica tower and clay tower had to be 
replaced. Reflux pump and reactor charge pump had to be 
relined and new impellers installed. Severe corrosion was 
noted in condenser bundles. Throttling valves were renewed 
several times. 

KONTOL was then injected into the overhead vapor 
line from the prefractionator. Corrosion test coupons in- 
stalled in a by-pass on the reflux line revealed the following 
results: 





*Mils penetration per year 


Here’s another coupon... 
to help you control your corrosion problems 


(check and mail to the address nearest you) 
TRETOLITE COMPANY 

Divisions of Petrolite Corporation 

[_] 369 Marshall Avenue, St. Louis 19, Missouri 

[_] 5515 Telegraph Road, Los Angeles 22, California 

Gentlemen: Please send me copy of latest KONTOL Brochure, 


complete with performance data, case histories, etc. 
No obligation to me. 


Name 
Address 
a 
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Coordinating Committee Growth Has Been Rapid 


Fifteen Groups 
Affiliate With Unit 


In 2-Year Period 


No technical committee organized by 
the National Association of Corrosion 
Engineers has acquired in equal time 
as many affiliates in widely separated 
places geographically as T-7 Corrosion 
Coordinating Committee. Credit for this 
rapid expansion is due principally to the 
assiduous work of its first two chair- 
men, J. M. Fouts and C. A. Erickson, 
Jr. The group is so new that Mr. Erick- 
son still holds the chairmanship. 

Authorized by action of the NACE 
board on March 16, 1956, T-7 has as 
its principal aim the encouragement of 
cooperation among committees organ- 
ized for the protection of underground 
plant. Since its authorization it has ac- 
quired 15 affiliates, in places as widely 
separated as Toronto, Canada and San 
Diego, Cal. Members of the committee 
have been helpful in organizing local 
committees in several localities, when 
invited to do so. NACE does not par- 
ticipate in the actual work of the under- 
ground corrosion mitigation committees. 


Some Groups Long Active 

Some of the committees that are co- 
operating with T-7 have been operating 
for 40 years or more, especially those 
in the older metropolitan areas where 
electric railways and underground tele- 
phone cables were used at the same 
time. It was one of the aims of the 
committee that the long experience 
gained by these older groups could be 
made available to newer ones, and es- 
pecially to the new committees that are 
being formed in many metropolitan 
areas. 


Problems Grow Pressing 

The incentive to organize coopera- 
tively to combat underground corrosion 
grows more pressing every year. The 
difficulties encountered in properly engi- 
neering the increasing volume of cathodic 
protection grow as more and more com- 
plex structures are placed underground. 
The economic importance of corrosion 
damage and pressing considerations of 
safety—as for example in connection 
with high pressure gas lines—or prop- 
erty damage, as from a pipe line trans- 
porting brine, or chemicals, grows 
rapidly. 

Companies operating these facilities, 
especially in congested metropolitan 
areas, frequently find it impossible to 
protect their structures cathodically ex- 
cept through cooperation with owners 
of adjacent structures. 


More to Organize 

There is no way to tell how many 
underground corrosion mitigation com- 
mittees ultimately will be formed, nor 
how many will affiliate with T-7. 

Information coming to NACE about 
the interest aroused in various parts of 
the United States, and in at least two 
instances, from countries in the tropics, 
shows that many committees will be 
organized. The advantages of cooperat- 
ing in the T-7 organization are so great 
that most of these groups ultimately 
will choose to work with other similar 
groups. There are no obvious disad- 





vantages because there is no fee con- 
nected with NACE affiliation and 
NACE exercises no jurisdiction of any 
kind over the committees. 


Inquiries Are Invited 

A subdivision of T-7 has been organ- 
ized in each of NACE’s regions. Local 
industries concerned with underground 
corrosion who think cooperative solu- 
tion of their problems is advantageous 
may inquire of the chairman of their 
nearest group for advice and assistance. 
The names and addresses of these re- 
gional officials are published in Cor- 
ROSION on alternate months beginning 
with January. 

Also listed are the names and ad- 
dresses of the local committees that 
have affiliated with T-7. This list makes 
it possible for an operator of under- 
ground plant to learn quickly to whom 
in which company he must go for data 
on his corrosion problems or for co- 
operative efforts in their solution. 


Preparation of Maps 
Is Principal Activity 


Preparation of maps of underground 
plant and their associated cathodic pro- 
tection systems is likely to be an im- 
portant function of local corrosion mi- 
tigation committees. The success of the 
Chicago Committee on Underground 
Corrosion (L. E. Nichols, Northern 
Illinois Gas Co., Bellwood, IIl., chair- 
man) in preparing such a map has led 
to its consideration by other groups. 

Houston Corrosion Coordinating 
Committee is working on a similar map 
for which members of the committee 
supply details of their individual sys- 
tems for posting. This permits easier 
cooperation of committee members and 
often points to localities where co- 
operative mitigation is needed. 


Annual Meeting Is Held 
At NACE Conference 


Among the activities of T-7 is an 
annual meeting during the National As- 
sociation of Corrosion Engineers’ con- 
ference when committee members may 
discuss their problems and ask for solu- 
tions reached by others. Also, if there 
is sufficient interest, meetings may be 
held at the regional level for like dis- 
cussions, 


Pumps Are Not Benefited 


The task group on pumps T-1D-2 
West Texas-New Mexico reported to 
T-1 that its initial inquiries show that 
pumps apparently do not benefit from 
inhibitors used in oil wells. There is 
some belief, however, that pumps get 
about 25 percent protection from inhibi- 
tors in well fluids. 


Report to Be Summarized 


It is the intention of Task Group 
T-4B-6 on Stray Current Electrolysis to 
summarize the interim report on control 
practices published by the committee in 
Corrosion’s January, 1957 issue. This 
decision was reached at a meeting of 
the group at St. Louis in March, 1957. 


Model Organization 
By-Laws Are Studied 


A current project of T-7 Corrosion 
Coordinating Commitee is the prepara- 
tion of a set of model by-laws for the 
information of those seeking to organ- 
ize local corrosion mitigation groups. 
These model by-laws will be based on 
existing by-laws of working organiza- 
tions and should be of substantial bene- 
fit because they will incorporate the 
tested ideas of old organizations. 

The committee also functions to: 

1. Receive reports of the activities of 
local corrosion coordinating groups and 
publish them when requested. 

2. Receive and file matters of pro- 
cedural interest, i.e., case histories on 
the solution of underground corrosion 
mitigation problems. These are avail- 
able for review by affiliates. 

Under advisement also is the expan- 
sion and re-issuing of the Report of the 
Correlating Committee on Cathodic Pro- 
tection published by NACE in 


often are used by local committees in 
solving their cathodic protection prob- 
lems. 

e 


In addition to those held at the annual 
national NACE meeting, 36 technical 
committee meetings were held at re- 
gional sessions during 1957, 


PHOTOGRAPHS 
WANTED 


suitable for use on 
the front cover of 


CORROSION 


If you have a photograph showing the re- 
sults of corrosion, or the results of corrosion 
mitigation, or both, available for use on the 
front cover of CORROSION, please send it 
to the address given below. The photograph 
should be printed on glossy paper, in good 
contrast, have the subject matter arranged 
along the long dimension of the print if pos- 
sible, and include in the print some object 
indicating relative size. It must be made 
available at no cost to CORROSION and 
preferably without the necessity of indicat- 
ing credit and should not have been used 
previously in a publication reaching a sub- 
stantial number of the same persons among 
whom CORROSION circulates. Obvious adver- 
tising of trade-marks is undesirable. A re- 
lease for publication — by every person 
pictured and recognizable should accompany 
photographs. 


Please accompany photographs with appro- 
priate descriptions of materials, corroding 
media, or other pertinent information suffi- 
— for an understanding of the subject 
matter. 


Mail photographs to: 
Ivy M. Parker, Editor 
CORROSION, 
1061 M & M Bldg., 
Houston 2, Texas 
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ther Wrought Iron case against corrosion 


YEARS OF SERVICE 


Photomicrograph T-90-2 (100x) shows a 
typical area—parallel to rolling—of the 
microstructure observed in the subject 
10-inch —— iron pipe. 
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Metallurgical Report 5460—Fire Protection Line* 


This report deals with the metallurgical examination 
of a length of 10-inch wrought iron pipe, submitted 
to our laboratory for investigation and comment. 

The sample submitted had been in service for 
over 50 years as a fire protection line, yet proved to 
be in excellent condition. Both the outer and inner 
surfaces showed no evidence of localized pitting. 
No thinning of the pipe wall was observed. The 
inner surface was covered with a uniform layer of 
rust tightly adherent to the metal. 


ROCKWELL HARDNESS 

A cross-sectional ring was prepared for hardness 
determination. Hardness values taken around the 
cross-sectional ring indicated a B66 hardness, typical 
for wrought iron pipe, and showed that the strength 
and ductility were likewise normal. 


CHEMICAL ANALYSIS 
Carbon—.018%; Manganese—.036%; Phosphorous 





—.130%; Sulphur—.016%; Silicon—.150%; Iron 
Silicate—3.59%. 


SUMMARY 

Results of the laboratory examination serve as 
positive identification of the subject sample as 
wrought iron. Significant is the fact that this sample 
has successfully withstood corrosive attack for more 
than fifty years. This is the kind of documentary 
evidence which has earned wrought iron such an 
outstanding reputation in corrosion control. A. M. 
Byers Company, Clark Building, Pittsburgh 22, Pa. 


* Name of actual installation given on request. 


Write for free cloth-bound book, Wrought Iron: 
Its Manufacture, Characteristics and Applications. 


BVE Fe S 


WROUGHT 1RON 


LEED ope No 
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GRATING TYPE 
STAIR TREADS 


OF CORROSION- 
RESISTANT 


ALUMINUM | 


ALUMINUM COMPANY OF AMERICA ~ 


“ALCOA THEATRE” 
Das Exciting Adventure 
(A) ALTERNATE MONDAY EVENINGS 


Using an entirely new method of construction, Alcoa 
now gives you a new, low-cost grating type stair tread 
of lightweight Alcoa® Aluminum. Except for its abra- 
sive nosing, this new stair tread is precision-cast in one 
piece from an alloy especially selected for its high 
corrosion resistance and ductility. As a result, you get 
all these valuable benefits: 


LOW FIRST COST—resulting from one-piece con- 
struction. 


NO MAINTENANCE, NO PAINTING—thanks to 
rust-free, corrosion-resistant Alcoa Aluminum. 


GREATEST STRENGTH AND SAFETY—because 
one-piece casting distributes concentrated loads 
more uniformly over the bearing bars. Nosing is 
Alcoa Abrasive Tread Plate to combine unequaled 
skid resistance with the strength and ductility 
of metal. 


MORE SANITARY CONSTRUCTION—casting in 
one piece eliminates cracks and crevices which 
might entrap dirt. 


They are ideal for chemical processing, refining, food 
processing, sewage treatment and papermaking. Use 
the convenient coupon to get your free copy of our 
new booklet containing detailed information on new 
grating type Alcoa Aluminum Stair Treads. Or if more 
convenient, call the Alcoa sales office listed in the 
Yellow Pages of your telephone directory. 


NEW GRATING TYPE ALCOA ALUMINUM STAIR TREADS 
SIZES AVAILABLE: 
Lengths: 24”, 30’, 36”, 42”. 
Standard width: 10’. Special widths: 827A2”, 7!j5", 6'7A2”. 
SPECIFICATIONS: 
Bearing Bars (Nom. Dimen.): 542 x 1%” on 1542” centers. 
Crossbars (Nom. Dimen.): 4%” x 1” on 3” centers. 
Carrier Plates: Mounting holes located according to accepted standards. 
Abrasive Nosing: Alcoa Abrasive Tread Plate. 
FINISHES: 
Structural: “As-fabricated” surface for standard uses. 
Polished: For sanitary stairways —with top surface belt sanded and nosing 
hand-polished. 
Marine: Recommended for marine applications where original appearance 
must be maintained—Alumilite* 705 surface treatment covered by thin coat 
of aluminum paint for appearance. 


*Trade Name of Aluminum Company of America 


Aluminum Company of America 
892-D Alcoa Building, Pittsburgh 19, Pa. 


Please send me your booklet detailing new grating 
type Alcoa Aluminum Stair Treads. 


ONG cis iccicirceeteemcatae 


Company 





Address_—— 
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NACE NEWS 


Over 200 Attend Canadian Region's Meeting 


PERMIAN BASIN SECTION’s technical speaker (right) Charles E. Perry, Sivalls Tanks, Inc., 
Odessa, discusses his February 10 talk with Jack Collins, Continental Oil Co., left and John V. 
Gannon, The Texas Company, section chairman and trustee. Mr. Perry talked on “Field Experi- 
ence in the Protection of Lease Surface Equipment” before 40 members and 23 guests at Odessa. 





Pipe Reconditioning Economics Covered at 
Southwestern Ohio's Meeting on January 28 


“Developments in Cathodic Protec- 
tion,” is the topic scheduled for discus- 
sion by Marshall E. Parker, Houston 
consulting engineer at the April 29 meet- 
ing of Southwestern Ohio Section at 
Dayton. The Duriron Company will 
sponsor the session. 

Ralph Madison, Truscon Steel Corp. 
was the scheduled principal speaker at 
March 25 meeting at Cincinnati; Roots- 
Connersville Blower Division of Dresser 
Industries plant was toured during the 
afternoon of February 25 and a dinner 
meeting was held with Elwood B. Nor- 
ris, Metcutt Research, Inc., discussing 
“Evaluation of Coatings for Protection 
of Steel at Elevated Temperatures.” 

The January 28 meeting at Cincinnati 
was attended by 21 members and nine 
guests. Business included appointment 
of John J. Halbig as section represent- 
ative at the San Francisco Conference, 
a report on progress on the October 15- 
17 North Central Region meeting and 
appointment of S. C. Jones, Cincinnati 
Gas & Electric Co., as chairman of a 
committee to nominate 1958-59 officers. 

George Pemberton, Cincinnati Gas 
and Electric Co. discussed “Evaluating 
the Economy of Reconditioning and 
Coating Underground Steel Pipe.” This 
talk, based on experience of his com- 
pany, considered the economics of re- 
pairing corroded pipe versus replace- 
ment. Emphasizing that experience is 
required to make a decision on this 
question, he said his company has de- 
veloped a chart from time studies to aid 
in making the decision. 





Conference Review 
Coming in May 


A review of the events at the 
NACE 14th Annual Conference 
and Exhibition at San Francisco 
will be published in the May issue 
of Corrosion. Persons who were 
unable to attend the meeting will 
be able to get some idea of the 
conference from this report. 

Members of Central Office staff 
attending contribute to gathering 
the report. Wide photographic 
coverage is expected. 





Procedure involves cleaning and filling 
with weld metal and then priming with 
a wax base material. A special wax coat 
is then applied and a polyvinylchloride 
film tape wrapped on. This sequence 
was demonstrated with the help of S. 
C. Jones and R. L. Wood. 

Considering the cost of new pipe in- 
stalled at $10 a foot, Mr. Pemberton 
said, it was economical to repair exist- 
ing pipe up to a repaired cost of $8.50 
a foot. Costs greater than this make the 
pipe unsalvageable. On a time basis, 10 
minutes per foot of welding time is the 
break-even point between repair and 
scrap. 

Experience shows that average repair 
time is 5 minutes a foot at a cost of 
$7.10 per foot for 16-inch diameter pipe. 


7\ 


Eighteen Technical 
Papers Presented 
At Toronto Session 


Eighteen technical papers were pre- 
sented at the three-day meeting of Ca- 
nadian Region March 3-4. They ranged 
in topic from corrosion problems in 
atomic reactors, through cathodic pro- 
tection and the use of reinforced epoxy 
resins, The meeting was held at the 
King Edward Sheraton Hotel. Meeting 
jointly with Canadian Region was the 
Associate Committee on Corrosion Re- 
search and Prevention, an affiliate of the 
Canadian National Research Council. 

More than 200 persons attended the 
technical sessions and social events. 

H. A. Webster, Corrosion Service 
Ltd., was chairman of the program 
committee; A. H. Carr, Koppers Inc., 
of the arrangements committee and F. 
Farrer, Trans-Northern Pipeline Co., fi- 
nance. For the Associate Committee on 
Corrosion Research and Prevention: H. 
D. Smith, Nova Scotia Research Foun- 
dation, chairman; P. J. Beaulieu, Na- 
tional Research Council, secretary. 

The technical papers presented were: 


Corrosion Problems in a Reactor, F. H. 
Krenz, Research Metallurgy Branch, 
Atomic Energy of Canada, Ltd., 
Chalk River, Ont. 

Corrosion Studies With Steel Welds, H. 
H. Yates, McGill University, Mon- 
treal. 

Oxidation of Iron Below 450 C, Morris 
Cohen, National Research Council. 
Cathodic Behavior of Metals, F. E. W. 

Wetmore, University of Toronto. 

Oxidation of Aluminum at Room Tem- 
perature, P. M. Aziz, Aluminium Lab- 
oratories, Ltd., Kingston, Ont. 

Economics of Underground Corrosion 
Control in the Union Gas Company of 
Canada, Ltd., Ralph E. Kuster. 

Inhibitors Combat Refinery Corrosion, 
B. Hambley, Alchem, Ltd. 

Trans-Canada Pipe Line Corrosion Con- 
trol Program, Lance Heverly. 

A New Technique in Applied Radiog- 
raphy, M. R. Pauschenwein, Canadian 
Oil Co. Ltd., Corunna, Ont. 

Protective Linings for Chemical Plant, 
W. W. Walker, Dunlop Co. 

Electrical Insulation of Underground 
Pipelines, George B. McComb. 

Application of Glass Fiber Reinforced 
Polyester Plastics as an Engineering 
Material of Construction in Chemical 
Environments, Walter A. Szymanski, 
Hooker Electrochemical Co., Niagara 
Falls, N. Y. 

Reminiscences of a Corrosion Engineer, 
F. L. LaQue, The International Nickel 
Co., Inc., New York. 

Corrosion Problems in the Petroleum 
Refining Industry, J. F. Mason, Jr., 
The International Nickel Co., Inc. 

Non-Destructive Testing, R. W. Rob- 
erts, Sperry and Budd Nuclear Sys- 
tems Divisions (Canada) Ltd. 


(Continued on Page 72) 


















































































































































NATIONAL and REGIONAL 
MEETINGS and 
SHORT COURSES 





1958 


Oct. 5-8—Northeast Region, Somerset 
Hotel, Boston, Mass. 


Oct. 15-17—North Central Region. Cin- 
cinnati, Ohio. 


Oct. 20-24—South Central Region. New 
Orleans, Roosevelt Hotel. 


1959 


March 17-19—15th Annual Conference 
and Exhibition, Sherman Hotel, Chi- 
cago. 

Oct. 12-15—South Central Region Meet- 
ing, Denver, Col. 


Nov. 17-19—Western Region. Los 
Angeles, Statler Hotel. 


SHORT COURSES 1958 


June 4-6—Teche Section Second Annual 
Short Course on Corrosion. South- 
western Louisiana Institute, Lafay- 
ette, La. 


Barker Talks on Coatings 


During the February 3 Philadelphia 
Section meeting at the Poor Richard Club 
guests and members heard J. L. Barker, 
Carbide and Carbon Chemical Company 
speak on “Applied Protective Coatings.” 


MAINTENANCE 
PROBLEMS 
END WHEN 
YOU USE 


CHORCUTE 


NEW AND DIFFERENT PROTECTIVE 
NEOPRENE LIVE RUBBER-COATING 


CHARCOTE is not a rubber base paint. 
You actually rubber-coat surfaces with 
protection! CHARCOTE air-dries and air- 
cures to u tough, pliable, rustproofing and 
waterproofing film of neoprene rubber, 
and has its built-in primer. Can be 
brushed, rolled, sprayed or used as a dip. 
Available in aluminum, red, black, green 
and grey; in quart, gallon, five-gallon and 
drum containers. 


Tougher Than The Metal Itself 
Outstanding Protection Against: 
CORROSIVE FUMES — MOISTURE 
ABRASION — SUNLIGHT & HEAT 

SALT SPRAY — WEATHERING 

Write for FREE Charcote Folder 


CHARLESTON RUBBER CO. 


1 Stark Ind. Park, Charleston, S. C. 
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Greater St. Louis Section 
Hears Educational Talks 


The fourth and fifth lectures in a series 
“NACE Education Course—Corrosion” 
were presented at meetings of Greater 
St. Louis Section February 10 and March 
10. The fourth lecture “Cathodic Pro- 
tection Principles for Mitigation of Cor- 
rosion on a Natural Gas Distribution 
System,” was presented by Mssrs. V. L. 
Rasmussen and J. C. Vogt, respectively 
superintendent and assistant superin- 
tendent of Laclede Gas Company’s in- 
spection and controls division, A discus- 
sion period followed the presentation. 

E. G. Holmberg, International Nickel 
Co., Inc., Detroit was the scheduled 
speaker for the fifth lecture in the series 
on “Dynamic and Embrittlement Cor- 
rosion.” 


Murdison, Parker Named to 
NACE Policy Committee 


Andrew R. Murdison, Pipe Line Di- 
vision, Imperial Oil Ltd., Toronto, Can- 
ada and Ivy M. Parker, Plantation Pipe 
Line Co., Atlanta, Ga., have been named 
to the NACE Policy and Planning 
Committee effective in March. 

Mr. Murdison has been active in Ca- 
nadian Region affairs and as a director 
representing the region since 1956 0n the 
NACE board. Dr. Parker, editor of 
CoRROSION, since its establishment in 1945 
is well known to most NACE members 
by reason of her activity with the mag- 
azine and her work with technical com- 
mittees dealing with pipeline corrosion 
matters. 


10 More Meetings Planned 
By Shreveport Section 


Ten more meetings have been sched- 
uled by Shreveport Section through 1958 
and into 1959. Dates are indicated with 
the scheduled subject. All meetings are 
held at the Caddo Hotel, Shreveport 
beginning with a Fellowship Hour at 
6 p.m.: 

May 6—Manufacturing Processes for 
Various Types of Steel Pipe. 

June 6—Annual barbecue. 

July 1—New Developments in Plastic 
Pipe. 

August 5—Ladies’ night. 

September 2—Paint Application, 

October 7—Discussion of papers pre- 
sented at regional meeting. 

November 4—Deep Ground Beds for 
Protection of Transmission Lines. 

December 2—Student Education 
Night. 

January 6, 1959—Offshore Corrosion 
Control. 


OFFICERS AND DIRECTORS’ 
PAGE WRONG IN MARCH 


Page 16 in the March issue of 
CORROSION which lists officers 
and directors of NACE was in 
error. The new officers and di- 


rectors listed were those taking 
office at the last day of the March 
conference in San Francisco. The 
page, put in type on advance of 
the April issue for checking pur- 
poses, was inserted in error. 
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Epoxy Resin’s Uses 
Discussed at Chicago 
Section’s Meeting 


“A Modern Approach to Corrosion 
Control Through the Use of Epoxy 
Resins in Coatings,” a discussion by 
Harry W. Howard, Shell Chemical 
Corp., N. Y. was heard by 96 members 
and guests of Chicago Section at a Feb- 
ruary 18 meeting. The group also saw 
a motion picture film of coating applied 
to a 24-inch gas transmission line with 
narration by John W. Snider, Crutcher- 
Rolfs-Cummings, Inc., of Houston. 

Mr. Howard’s principal points were: 
Proper surface preparation is essential, 
with sand blasting preferred. Proper sec- 
tion of proper coating materials is im- 
perative. In discussing epoxies, Mr. 
Howard stressed the importance of good 
application, and demonstrated reactions 
involved in curing. He gave numerous 
examples of the successful use of epoxy 
materials in coatings. 

Both speakers were occupied for some 
time answering questions. 

R. W. Flournoy, Reynolds Metal Co., 
was the scheduled speaker at the March 
11 meeting on “Use and Application of 
Aluminum and Aluminum Alloys in the 
Oil and Chemical Industry.” 


Directories’ Publication 
Changes Contemplated 


In connection with a pending decision 
to publish in CorrosIon a list of corporate 
members of the National Association of 
Corrosion Engineers, a change in the 
frequency of publication of directories 
of technical committee and regional and 
sectional officers is contemplated, Under 
consideration is publication of one of 
the three directories a month on suc- 
cessive months in rotation throughout 
the year. 

If adopted the change is not expected 
to be effective before the May or June 
issue. 


Atlanta Elects Lehman 


Joseph A. Lehman, Electro Rust- 
Proofing Corp., Atlanta, Ga., has been 
elected chairman of Atlanta Section along 
with C. Jay Steel, Steele & Associates, 
Inc., Atlanta, vice-chairman; James P. 
McArdle, Jr.. American Telephone & 
Telegraph Co., Atlanta, secretary-treas- 
urer; Emmitte P. Tait, Alloy Steel Prod- 
ucts Co., Atlanta, trustee. 


Tidewater Section Elects 


Tidewater Section’s new officers are 
George R. Lufsey, Virginia Electric and 
Power Co., Richmond, Va., chairman; 
Murray S. Spicer, Chesapeake & Po- 
tomac Telephone Co., of Virginia, Rich- 
mond; vice-chairman; Otis J. Streever, 
Newport News Shipbuilding & Dry Dock 
Co. Newport News, Va., secretary- 
treasurer. 


Over 200- 


(Continued From Page 71) 
Plastic Tapes, Howard D. Segool, Poly- 
ken Division, The Kendall Co. 
Stainless Steel to Combat Corrosion, 
G. E. Rowan, Atlas Steels, Ltd., 
Welland, Ont. 
Modern Approach to Corrosion Inhibi- 
tion Through Epoxy Resins, H. W. 
Howard, Shell Chemical Corp, N. Y. 
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Varying circumstances, job conditions, and even budget limitations pro- CALL YOUR DEARBORN MAN OR 
hibit specifying one type of coating for every pipeline. That’s why Dearborn WRITE FOR INFORMATION 
| ae offers you all three: asphalt coatings; wax-type coatings; polyethylene @ Asphalt Coatings. Write for your copy 


> and z : ; : a f Bulletin 3083-A. 
man; plastic tape. These superior coatings, together with the correct primers ene : i 
2 Wax-Type Coatings. Write for your 


ce and wrappers, may be applied at the mill, railhead, by hand or Traveliner. copy of Bulletin 3050. 
ever, Your local Dearborn representative can help you select the right coating e F.O.S. SAFE-T-CLAD Polyethylene Plas- 


Jock 5 7 4 P - ; aS 
— combination for your specific job at lowest possible cost. tic Tape. Write for Bulletin 3002. 


f ® 
Denbow CHEMICAL COMPANY 


MERCHANDISE MART PLAZA, CHICAGO 54, ILLINOIS 








WORLD'S MOST COMPLETE LINE OF PROTECTIVE MATERIALS FOR THE CONTROL OF CORROSION 
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FLOOR PLAN for South Central Region’s exhibit in the Roosevelt Hotel, New Orleans October 
21-23. The exhibit area is located between stairs and elevators and meeting rooms, assuring good 
traffic. This is the third exhibition held by South Central Region. 





Chronological Summary 
Of Regional Conference 


Following is a chronological summary 
of events scheduled so far for the Oc- 
tober 20-24 South Central Region Con- 
ference and Exhibition in New Orleans: 

Monday, October 20—Technical com- 
mittee meetings. 

Tuesday, October 21—Technical com- 
mittee meetings. Exhibition open 10 am 
to 5pm. 

Wednesday, October 22—Technical 
committee meetings. Exhibition open 10 
am to5 pm. 


Thursday, October 23—Technical sym- 


posia. Exhibition open 10 am, closes at 
5 pm. 

Friday, October 24—Technical sym- 
posia. 


Baton Rouge Section Sends 
Recognition Petition 


A petition for recognition of a Baton 
Rouge Section of the National Asso- 
ciation ot Corrosion E ngine ers was sent 
to South Central Region officials after a 
January 27 meeting attended by 22 per- 
sons at Jack’s Steak House. A set of 
regulations was adopted and a meeting 
scheduled for March 31. 

The new section will be the sixteenth 
for South Central Region and the fifty- 
sixth for the National Association of 
Corrosion Engineers. New Orleans- 


Baton Rouge Section was organized in 
1951 and for several years meetings were 
held alternately in New Orleans and 
Baton Rouge. 

Temporary officers are P. E. Weaver, 
Dow Chemical Co., chairman; F. S. 
O’Brien, vice-chairman and A. H. Tut- 
hill, secretary-treasurer, all of Baton 
Rouge. 


Oil and Gas Well Groups 
Will Meet in October 


All group committees of T-1 Corrosion 
of Oil and Gas Well Equipment are 
scheduled to meet at New Orleans dur- 
ing the South Central Region Conference 
at the Roosevelt Hotel. An invitation has 
been issued to other committees to meet 
also. 

The technical program, headed by 
W. F. Oxford, Jr., Sun Oil Co., Beau- 
mont has been arranged so that tech- 
nical committee meetings will be held 
on the first three days and _ technical 
symposia presented on the last two days 
of the conference. In this way many of 
the conflicts which occur when meetings 
on similar subjects are held simul- 
taneously will be avoided. 


Technical problems related to oil and 
gas production, marine exposures, pipe 
lines, utilities and the process industries 
will be discussed in five symposia. Papers 
are being scheduled for these symposia 
now. 
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Exhibit Arrangements Completed 


October 21-23 Show 
Dates Scheduled 
For Conference ; 


Arrangements have been completed for 
the exhibition to be held concurrently 
with South Central Region’s October 
Conference in New Orleans. A floor plan 
has been prepared for the exhibit hall in 
the Roosevelt Hotel providing for 41 
booths, All but six booths are 8 by 10 
feet; six booths are 10 by 10 feet. 

The exhibition will be open for three 
days, October 21-23 from 10 am to 5 pm. 
The conference opens October 20 and 
closes October 24. Physical arrangements 
of the exhibit area are such that it is 
located in the main line of traffic between 
elevators, stairs and meeting rooms. 

Preparations are being made to mail 
to prospective exhibitors during the latter 
part of April a floor plan and schedule of 
applicable rates. Arrangements for the 
exhibit are being handled at Central 
Office NACE, where additional informa- 
tion and assistance can be obtained from 
R. W. Huff, Jr., association assistant 
executive secretary. 


Third Exhibition of Region 

The New Orleans exhibit will be the 
third held by South Central Region. 
Exhibits were held in connection with 
regional meetings in 1956 at San Antonio 
and in 1957 at Oklahoma City. 

As might be expected from the indus- 
trial orientation of the area and member- 
ship in the region, principal attention at 
the exhibit is focused on materials and 
services related to the petroleum indus- 
try. Among the 50 companies that have 
participated in the first two shows are 
those making instruments, inhibitors, 
plastic equipment of all kinds, pipe wrap- 
ping material and application equipment, 
paints and painting equipment, galvanic 
anodes, rectifiers, pumps, valves, engi- 
neering services and others. 

Location of the conference city in the 
midst of a rapidly expanding complex of 
petroleum producing and refining, petro- 
chemical, shipping and other industries 
is expected to influence participation by 
many exhibitors. NACE members in 
Southeast Region, who have a large 
community of interest with those in the 
South Central Region are expected to 
attend the New Orleans sessions. 


New Section Organized 

Initial arrangements for holding the 
October conference in New Orleans were 
made by the New Orleans-Baton Rouge 
Section. Recently action has been taken 
to divide the section into two, a New 
Orleans section and a Baton Rouge Sec- 
tion. NACE members in the Baton Rouge 
area have petitioned for recognition as a 
new section. 

In the meantime NACE members in 
the New Orleans area have proceeded 
with arrangements for the meeting. A 
good start has been made on the tech- 
nical program and much of the work in 
connection with the entertainment and 
social side has been done. 

Plans are being made for meetings of 
NACE technical committees during the 
conference. This has become a very im- 
portant part of the program at the South 
Central Region meeting with the number 
and importance of meetings increasing 
rapidly. 
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NEWS 


You can see why Saran lined pipe cuts operating costs 


These corrosion-resistant pipes, fittings and valves 
are stock items, and they can be fabricated in the field 


The long range economy of Saran lined pipe starts right 
here—with the immediate availability of pipe, — and 
valv oe « &§ stock items. There’s no waiting . - ho price 
premium to pay. 


And Saran lined pipe can be fabricated in the field. Only 
conventional hand tools or power equipment are needed to 
cut and thread it right on the job site. 


Saran lined pipe pays off through the years with superior 
corrosion resistance and strength. W hen you specify the 


new gray Saran lined pipe, valves, pumps and fittings, you'll 
be able to pipe commonly used acids, alkalies and other 
corrosive liquids under a wider temperature range. 


You can plan a complete corrosion-free pipe system with 
Saran lined pipe, valves, pumps and fittings. They're avail- 
able for systems operating from full vacuum up to 300 psi 
and temperatures from —20° F to 200° F. Send the coupon 
today for further information. And be sure to ask about 

Saraloy® 898 tank lining, too. THE DOW CHEMICAL COM- 
PANY, Midland, Michigan. 


Ceoeeeseereeee eee eee FSF eeeeeeeeeFSSeeeeeeSeeeFeFeeeeeeeeeeeeFeSeeeeeeSeeSeSeSeeeeeeeeeeeseeeeeeeee 


Please send me information on: [) Saran lined pipe, fittings and valves [) Saran lined centrifugal pumps [1] Saraloy 898 chemical resistant sheeting 


SARAN LINED PIPE COMPANY 


DEPT. 2002C Name ict es 


2415 BURDETTE AVENUE 
FERNDALE 20, MICHIGAN Address. 


City 


Company sila 


State. 


YOU CAN DEPEND ON 
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SECTION 
CALENDAR 


15 Chicago Section. Metallurgical As- 
pects of Corrosion. 
Cleveland Section. J. 
U. S. Naval Research 
Washington. 

New Orleans-Baton Rouge Section. 
Engineers Club, De Soto Hotel. 
Tulsa Section. Mayo Hotel. 
Southwestern Ohio Section. Tour 
of Duriron Company Plant at Day- 
ton. Developments in Cathodic Pro- 
tection, M. E. Parker, Houston. 


J. Harwood, 
Laboratory, 


May 
6 Shreveport Section. Caddo Hotel. 


Cleveland Section. Speaker: J. F. 
Ploederl, Wisconsin Protective 
Coatings Co. 

Chicago Section. Laboratory De- 
velopment of Protective Coatings, 
H. C. O’Brien, Royston Labora- 
tories; Field Evaluation of Indus- 
trial Maintenance Coatings, K. 
Tator. 

New Orleans Section. Engineers’ 
Club, De Soto Hotel, New Orleans. 


Tulsa Section. Mayo Hotel. 


Southwestern Ohio Section, Cincin- 
nati. Refinery Corrosion and Oil 
Additives, 


aa 


ENGINEERS 


SOME OF THE MEMBERS and guests at Baltimore Section’s January 28 meeting, left to right: 

Seated, F. E. Costanzo, E, L. Simons, K. M. Huston and N. T. Shideler; second row, Manson Glover, 

Robert S. Mercer, E, A. Tice, A. S. Levy, W. W. Binger, George E. Best; back row, A. C. Burton, 
A. F. Minor and J. W. McAmis. 


Advisory Board Organized at Baltimore 
To Help Guide and Improve Section’s Work 


A section advisory board consisting 
of representatives of firms faced with 
corrosion problems was organized by 
Baltimore Section at its January 28 
meeting. The board will improve ac- 
quaintance among its members, provide 
a nucleus of future section officers, fur- 
nish guidance in improving meetings 
and attendance and membership. First 
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with the plastic 
pipe you can trust. 


SPECIAL DELIVERY for liquids and gases in all branches of industry is assured 
with Kraloy Rigid Polyvinyl Chloride (normal and high impact) Plastic Pipe... 
with virtually no maintenance or policing. You install Kraloy PVC —and forget it. 
That's why millions of feet of Kraloy Plastic Pipe are in use today, because 
Kraloy PVC is inert and can never rust, rot, or corrode, is not subject to electro- 
lytic action, handles abrasives, slurry and most Ph factors, is scale resistant. 


Superior flow characteristics (C factor = 150+) permit use of smaller diameters. 
Installation costs 50% less, due to light weight and ease of handling. 


Write for complete information and literature. 


KR A LOY RIGID PVC PLASTIC PIPE 
NORMAL AND HIGH IMPACT 


oS) 


Kraloy Plastic Pipe Co., 4720 E. Washington Blvd., Los Angeles, Dept. C-48 
Subsidiary of the Seamless Rubber Co., a Rexall Drug Co. Subsidiary 


meeting of the board was February 24. 

The January meeting was featured by 
an illustrated discussion of coatings by 
Norman T. Shideler, Insul-Mastic, Inc., 
Pittsburgh. Mr. Shideler covered the use 
of coatings for structures underground 
and effects of the environment on the 
coatings. 

He also discussed coal tar coatings and 
a newly-developed coal tar-epoxy ether 
resin coating, a two component system 
in which the main body is mixed on the 
job with catalyst just before application. 
Coating sets slightly by evaporation and 
cures by polymerization of the resins. 
It has less than 10 percent shrinkage on 
setting, is hard, but retains some flexi- 
bility and has excellent adhesion. Aro- 
matic materials affect it only slightly 
after setting. 


New Officers Inducted 


New section officers were inducted as 
follows: Kenneth M. Huston, chairman; 
A. Clifton Burton, vice-chairman; James 
W. McAmis, secretary-treasurer. A past- 
chairman’s certificate was given to B. P. 
Philibert, 1956 chairman in recognition 
of his services. 

E. L. Simons, General Electric Co., 
Schenectady, N. Y. regional vice-chair- 
man, then discussed the regional con- 
ference proposed for Baltimore in 1959, 
outlining some of the work to be done. 
The section will consider holding the 
conference. 

Joint Meeting Held 

The March 11 meeting is the sched- 
uled annual joint session with American 
Electroplaters’ Society and The Electro- 
chemical Society. The dinner meeting 
was planned for the Park Plaza Hotel, 
Baltimore. Clarence Sample, Interna- 
tional Nickel Co., Inc. was featured 
speaker on “Corrosion Behavior and 
Protective Evaluation of Electro- 
deposited Coatings.” 

® 


NACE cooperates with numerous other 
engineering and scientific organizations 
all over the world in the collection and 
dissemination of corrosion control in- 
formation. 
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NACE NEWS 


COREXIT prevents sub-surface corrosion, 
saves up to $1,000 a year per well 


Field experience shows that the 
use of Humble’s COREXIT in 
pumping wells costs so little com- 
pared to the expense of well-pulling 
jobs and the cost of replacing 
broken rods, pumps and corroded 
tubing, that annual savings up to 
$1,000 per well are not unusual. 


The initial COREXIT treatment 
cleans up your sub-surface equip- 
ment, displacing corrosive brine 
and loose scale from metal sur- 
faces. Then it builds up a tenacious 
and lasting protective film on these 


cleaned metal surfaces to prevent 
further corrosion and hydrogen 
embrittlement. The continued use 
of a small amount of COREXIT 
will maintain this tough protective 
film. Thus COREXIT lowers your 
lifting costs and improves operat- 
ing efficiency by prolonging the 
life of your equipment and reduc- 
ing the number of well-pulling 
jobs. 


COREXIT is readily available at 
Humble wholesale plants through- 
out Texas and New Mexico. 


HUMBLE OIL & REFINING COMPANY 


e For complete informa- 
tion on COREXIT, call 
your nearest Humble 
wholesale plant in Texas 
and New Mexico, or 
phone or write: 


Humble Oil & Refining Company 
Sales Technical Service 

P. 0. Box 2180 

Houston 1, Texas 


In Oklahoma & Kansas 
write: 

Pet-Chem, Inc. 

Mayo Building 

Tulsa, Oklahoma 


In Illinois, Indiana & 
Kentucky write: 


um Chemical Company, 
nc. 


Mt. Vernon, Illinois 
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1959 NACE Conference to Be Fourth in Chicago 


SCENES FROM THREE earlier NACE Confer- 
ences at Chicago: Top, general business meet- 
ing Monday, April 7, 1947 at the Palmer 
House. President F. J. McElhatton is at the 
podium; at his left is H. H. Anderson and at 
his right Tom L. Holcombe. Center: At Hotel 
Sherman, March 19, 1953, M. C. Callahan, 
at microphone; seated at the table, Yale 
Titterington. Bottom: E. C. Greco presides at 
a meeting of T-1 Corrosion in Oil and Gas 
Well Equipment on March 7 during the 1955 
conference at Palmer House. 


The 1957 alphabetical subject index to 
Corrosion’s Technical Section occupies 
four pages. 





Chicago Exhibit Data 
To Be Ready in April 


Plans have been made to be avail- 
able for distribution in April the descrip- 
tive literature, contracts, floor plan and 
other details pertaining to the 1959 15th 
Annual NACE Exhibition at the Sher- 
man Hotel, Chicago. Firms interested in 
this exhibition are invited to write to 
NACE, 1061 M & M Bldg., Houston 2, 
Texas during the latter part of April, 
asking for the information. 

The 1959 exhibition will comprise 
about 200 booths located in the Hall of 
Exhibits and on the mezzanine floor of 
the Sherman. 


Exhibition, Technical 


And Other Sessions 
To Be at Sherman ' 


The recently remodeled Sherman 
Hotel in Chicago will be the location of 
the 15th Annual NACE Conference and 
Exhibition. 

Enhancing the hotel’s advantageous 
location in the heart of the Loop, is a 
complete face-lifting for the lobby and 
extensive interior changes which pro- 
vide more space and more convenience 
for conventions and shows. The most 
outstanding change has been the in- 
crease in the exhibit area to a size suffi- 
cient to accommodate 200 booths. The 
Sherman’s facilities for handling exhibi- 
tions add to its attractiveness to exhib- 
itors who find it easy to get their 
equipment into and off the exhibit floor. 

NACE contemplates an exhibition of 
approximately 200 booths located in the 
Hall of Exhibits and on the mezzanine 
floor. A floor plan, schedule of rates and 
contracts are expected to be ready late 
in April. 


Everything in Hotel 

Preliminary plans call for all events of 
the 1959 March 17-19 conference and 
exhibition to be held at the hotel. This 
concentration of activities helps save 
time for all and is considered an asset 
by exhibitors. 

Another advantage about holding the 
conference in Chicago is the fact that 
several large hotels are near the Sher- 
man. Registrants that cannot be accom- 
modated at the Sherman, usually are 
short walking distance away. 

Plans have been made also to have 
all registration and committee meetings 
as well as social events at the Sherman. 


Fourth Conference at Chicago 

The 1959 conference will be the fourth 
held by NACE in Chicago. It will be 
the second held at the Sherman Hotel, 
the previous meeting having been there 
in 1953. 

Arrangements for the sessions will be 
handled by the large and active Chicago 
NACE Section. Many members with re- 
sponsibilities for the meeting will have 
had previous experience with NACE 
conferences and this is expected to help 
make the event a smooth-running affair. 

Chicago’s location at the focal point 
for numerous rail and air lines also 
makes the city a favored spot for con- 
ventions such as NACE’s. It is near 
most of the heavily populated sections 
of the United States and close to the 
heavily populated section of Canada. 
This makes it easier for Canadian mem- 
bers to attend the meeting. 


Growing Industrial Area 
The rapidly expanding industries of 
the Chicago area, like those elsewhere 
along the Great Lakes, have been given 
a boost by the anticipated completion of 
the St. Lawrence Seaway. Chicago’s 
port facilities are being expanded in ex- 
pectation of increased commerce by 
ocean-going ships that will come up the 
seaway to dock in the lakes. 
The present shallow draft of existing 
canals limits access to the lakes to ships 
of comparatively small tonnage. 
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the right place to look for 
CHROMIUM CHEMICALS 















Call Mutual for prompt delivery of Fiber Drums [Stool Drowel cpasee*Surtegy 

chromium chemicals —in the grade cman tone et Oe oo 

and package you need Tetranydrate ne me 0 x 
Sesiem Bichromate : , 

Whatever your application may be, Mutual Toeualea ie. x | x 

can supply you with chromium chemicals Potassium Bichromate 

which are the quality standard of the industry. ——,. x | x x | x 

What’s more, you're always assured of a er x 1° 

dependable supply, on-time delivery and Petnphems Coreutte ® ‘ 

expert assistance from Mutual’s technical ea x x 

service staff. Send for the bulletin shown —a x x 

above. It contains detailed information on eee icas . 


Koreon “M"’ & “*X"" 





Mutual chromium chemicals. 
* Also shipped as 69% solution in 8000-gallon tank cars. 


Mutual Chromium 
Chemicals 









MUTUAL CHROMIUM CHEMICALS § 
SOLVAY PROCESS DIVISION 
Allied Chemical & Dye Corporation “ae 
Dept. 11, 61 Broadway, New York 6, N. Y. 


| 
| 
| 
| 
| 
Please send your Bulletin 52, “Chromium 
| 
| 
| 
| 
| 
| 





Chemicals,” by return mail. 
N: iccsicacnentssice clinician enanaial a 
Sodium Bichromate Potassium Bichromate NAME TEL 
Sodium Chromate Potassium Chromate CY a icicceectcnern ecient emt 
Chromic Acid Ammonium Bichromate STREET. 

Koreon (one-bath chrome tan) 
Mutual Chromium Chemicals are available through dealers and CN eee 
SOLVAY branch offices located in major centers from coast to coast. a ee 














Seating Fr The Tntshman™ 2s 


PIPELINE SPHERES 


. the new way to improve the efficiency of Products Lines. 





Over four years of intensive research involving 
the testing of literally hundreds of rubber compounds in the 
laboratory, and thousands of miles of field tests in Products Lines 
have established the superiority of the Maloney Pipe Line Sphere 
over existing methods of product separation and meter 
calibration. This superiority 1s demonstrated in 
ease of handling — saving costly man-hours of labor; long life — 
reducing expensive replacement time and labor; and 
flexibility — complete adaptability to automated systems and 
ability to follow flow through short radius bends, tees, etc. 
All of these advantages are obtained with a marked reduction 
in interface contamination and no loss in accuracy. 


The liquid-center rubber Sphere, with its obvious handling 
advantages, has an even greater advantage i in wear 
characteristics; with an infinite number of wearing surfaces in 
comparison to the conventional dumbbell pig. This advantage 
iS apparent in test results of over 500 miles without excessive wear, 
indicating that in normal! use runs of over 1,000 miles can be expected. 


Research on the Maloney Pipe Line Sphere is continuing 
in an effort to determine the final extent of its overwhelming 
superiority when compared with other methods of calibration 
and separation. Other uses for the Pipe Line Sphere, such as 
water or product removal, etc., are also being investigated. 


Maloney Pipe Line Spheres are presently available in the 
following sizes: 4, 6, 8, 10, 12, 14, 16, and 20 inches. 
Our Engineering and Research departments are prepared 
to make specific recommendations for your particular applications. 
Additional information is contained in bulletin PS. 
Your inquiries are invited. 


MANUFACTURED BY 





P.O. BOX 1777 © 2301 TEXAS AVENUE ¢ HOUSTON, TEXAS 
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Four Regional 
Meetings Arranged 


Four meetings of NACE regions have 
been scheduled for October and No- 
vember. Three meetings will be held in 
October as follows: 

5-8 inclusive—Northeast Region, 
Somerset Hotel, Boston. 

15-17—North Central Region, Con- 
cinnati. 

20-24—South Central Region Confer- 
ence and Exhibition, Roosevelt Hotel, 
New Orleans. 

Western Region will hold a meeting 
in Los Angeles November 17-19. 

Canadian Region held a meeting in 
Toronto March 3-4 in cooperation with 
the Chemical Institute of Canada and 
the Associate Committee on Corrosion 
and Rust Prevention. 


Birmingham Meetings Set 


Birmingham Section has scheduled 
meetings as follows at Moulton Hotel: 

June 6—Subject to be announced. 
George H. Speake, Southern Bell Tele- 
phone and Telegraph Co., program 
chairman. 

September 5—Mississippi Valley Gas 
Company’s Experience with Deep ‘Sacri- 
ficial Ground Beds, by Ralph Hurst. 
Lawrence R. Hicks, program chairman. 
December 5—Providing Cathodic Pro- 
tection for Large Housing Develop- 
ments, Ralph C. Cunningham. 


East Texas Section 


Corrosion of oil well casing in East 
Texas is confined mostly to the top 500 
feet, M. J. Olive, Arkansas Fuel Oil 
Corp., Shreveport told 16 members and 
36 guests at East Texas Section’s Febru- 
ary 26 meeting. Mr. Olive, speaking on 
“Casing Corrosion in East Texas” said 
acid water, bacterial action and stray 
currents are the principal causes. Some 
counter measures were described. 

Next section meeting was scheduled 
for March 25. 


Eastern Wisconsin Section 


Eastern Wisconsin Section held a joint 
meeting February 17 with American 
Chemical Society and American Electro- 
platers Society at the Ambassador Hotel, 
Milwaukee, with approximately 200 
members and guests attending, Guest 
speaker was F. L. LaQue, International 
Nickel Company, Inc., who spoke on 
corrosion and protective coatings. 


Rocky Mountain Section 


Paul W. Lewis, Bureau of Reclama- 
tion, Denver has been elected chairman 
of Rocky Mountain Section, Other offi- 
cers named were Herbert L. Goodrich, 
American Telephone and Telegraph Co., 
vice-chairman; B. K. Wheatlake, Dear- 
born Chemical Co., secretary-treasurer 
and John R. Hopkins, Protecto Wrap 
Co., trustee. 


South Central 1961 Meeting 


Houston’s Shamrock Hotel has been 
selected as the site for the October 24-27, 
1961 conference of South Central Region. 

° 
During 1957 over 140 discussions to 


technical material published in Corrosion 
appeared. 
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60,000 Kw Atomic Power Plant Operating 





Air Pollution Control 
Papers Scheduled 
At Atlantic City 


Numerous technical papers related to 
problems associated with air pollution 
and its control will be given April 24 
during the 1958 Industrial Health Con- 
ference to be held at Convention Hall, 
Atlantic City. Five associations in the 
industrial health field are participating. 

Among the papers likely to contain 
information useful to corrosion workers 
are: 

Air Pollution Control in New Jersey— 
A Progress Report of The New Jersey 
Air Pollution Control Commission, Wil- 
liam R. Bradley, American Cyanamid 
Co., Linden, chairman; 

Application of Simplified Techniques 
to Air Pollution Measurement, E. R. 
Hendrickson, Engineering and Indus- 
trial Experiment Station, University of 
Florida, Gainesville. 

Air Pollution Problems in Petroleum 
Refining, Frank J. Ells, eee Mobil 
Oil Co., Inc., Paulsboro, N.J. 

Relationships Between Cauneuaeiicai 
of Sulfur Dioxide and That of Particu- 
late Matter in Atmosphere, J. Cholak, 
L. J. Schafer, W. J. Younker and D. 
Yeager, University of Cincinnati College 
of Medicine. 

Occurence of Phenols in Air and 
Combustion Products, Ralph G. Smith 
and James D. MacEwen, Wayne State 
University College of Medicine, Detroit. 

Recent Developments in High Tem- 
perature Filtration, J. B. Grahm, Buf- 
falo Forge Co., Buffalo, N. Y. and M. 
W. First, Newton Centre, Mass. 

Sampling of Particulate Matter in Ef- 
fluent Gases, R. W. Wasser, Public 
Service Electric and Gas Testing Labo- 
ratory, Maplewood, N. J. 

Application of Atmospheric Diffusion 
Formulas, Raymond C. Wanta, Public 
Service Electric and Gas Testing Labo- 
ratory. 

Calculation of Air Pollution Potential, 
Henry C. Wohlers, Stanford Research 
Institute, Menlo Park, Calif. 

Evaluation of Methods for the De- 
termination of Halogenated Hydrocar- 
bons in Air, Evan E. Campbell, Morris 
F. Milligan, Helen M. Miller, Los Al- 
amos Scientific Laboratory. 

Analytical Methods for Phenols in 
Air, Ralph G. Smith, Robert E. Barrow, 
Wayne State University. 

Radiation Protection Laws and Codes 
—A Scramble for Action, William A. 
McAdams, General Electric Co., 
Schenectady. 


Packaging, Shipping Show 


The National Industrial Packaging, 
Handling and Shipping Exposition will 
be held October 14-16 at the Coliseum, 


_ Chicago. Society of Industrial Packaging 


and Materials Handling Engineers is in 
charge. 


BOOK NEWS 


The AWS Bibliographies. 174 pages, 
814 x 11, loose leaf paper cover. Novem- 
ber 5, 1957. American Welding Society, 
33 West 39th St., New York 18, N. Y. 
Per Copy, $5. 

A cross-indexed, chronologically ar- 

ranged list of titles and authors of articles 

published in the Welding Journal through 

1957. Arrangement is variously by ma- 

terials, methods, industry and techniques. 

There is no consecutive pagination indi- 

cating that supplements will be issued. 


PERIODICALS 


Power Reactor Technology. 42 pages 
77% x 10% inches, paper. Prepared 
by General Nuclear Engineering Corp. 
for U.S. Atomic Energy Commission. 
Quarterly. December, 1957, Vol. 1, 
No. 1. Superintendent of Documents, 
J.S. Government Printing Office, 
Washington 25, D.C. Per Copy, $0.55; 
vearly, domestic, $2.50; foreign, $2.50. 

Designed to review recent developments 
in the indicated field throughout the 
world the first issue considers, among 
other matters, applications, performance 
and evaluations, heat transfer, fuel ele- 
ments, gas cooled reactors and training 
reactors. Items are summarized from 
various domestic and foreign sources. 


More Than 50 Papers 
Scheduled on Corrosion 


More than 50 technical papers from 
authors in 12 countries have been sched- 
uled for presentation during June 5-8, 
Second Congress of the European Fed- 
eration of Corrosion at Frankfurt on 
Main, Germany. The federation’s meet- 
ing is one of a number to be held dur- 
ing the 1958 European Congress of 
Chemical Engineering. 

Six plenary lectures will be given. 
Among them are Chemical and Electro- 
chemical Aspects of Reactor Corrosion, 
by G. H. Cartledge, Oak Ridge; Stress 
Corrosion of Metals and Alloys, T. P. 
Hoar, Cambridge, England; Corrosion 
and Passivation by U. Franck, Darm- 
stadt. 

Lectures and discussions under the 
following headings will be presented: 
Types and Causes of the Corrosion of 
Metallic Materials; Fundamentals; water 
and atmosphere; chemical technology. 
Protection of Metallic Materials Against 
Corzosion: Inhibitors, passivators and 
surface coating agents; plastics, var- 
nishes and paints; electrochemical sur- 
face treatment and metallization with 
various media; miscellaneous. Methods 
of Testing and Measurement: Planning 
and rationalization. 

Copies of the program of the congress 
and an invitation to participate may be 
obtained free of charge from the Con- 
gress Business office: Gesselschaft 
Deutscher Chemiker, Frankfurt (Main), 
Haus der Chemie, Karlstr. 21. 
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Shippingport PWR 
Unit Incorporates 
Multiple Safeguards 


The Shippingport, Pa. 60,000 kw 
atomic power station built by Westing- 
house Corporation and Duquesne Light 
Co., Pittsburgh in cooperation with the 
United States Atomic Energy Commis- 
sion developed its full design capacity 
December 23, 1957. Construction of the 
pressurized water reactor began early 
in 1955. Duquesne furnished the plant site 
and a new turbine-generator plant of 
about 100,000-kw capability which it owns 
and operates at no cost to the govern- 
ment. Duquesne also operates and main- 
tains the nuclear portion of the plant, as- 
suming all labor costs for up to 100 
persons. The company also furnished 
other services at a value not over $5 
millions. Under a 5-year contract it 
buys steam from the government at a 
rate of 8 mills a kilowatt hour of net 
electricity. 

The following discussion of the chem- 
istry of the reactor is based on informa- 
tion furnished by scientists and engineers 
of the United States Atomic Energy 
Commission, Westinghouse Electric 
Corp. and Duquesne Light Company. 

The chemistry of the pressurized water 
reactor (PWR) plant incorporates the 
results of many years of development 
work on pressurized water reactors in 
general and on special features of the 
pressurized water reactor in particular. 
Problems of corrosion, radiation disso- 
ciation of coolant water, fouling of heat 
transfer surfaces and system activation 
by impurities settling out of the coolant 
had to be solved. Ordinary water (HO), 
used to transfer heat from the reactor 
core to the boilers, is demineralized to 
remove impurities which would have be- 
come radioactive by neutron bombard- 
ment. To suppress the formation of 
oxygen from the dissociation of water 
by the intense radiation in the core, 
extra hydrogen (25 cc/kg), is main- 
tained in the coolant. 

Coolant Is Inhibited 

Corrosion of the stainless steel of the 
plant is inhibited by raising the alka- 
linity of the coolant to a range of 9.5 to 
10.5 with lithium hydroxide added before 
start-up. The pH (degree of alkalinity 
or acidity) is then automatically main- 
tained by using a lithium hydroxide 
form ion exchanger in a bypass purifi- 
cation system. The high alkalinity also 
keeps more of the corrosion products in 
solution and thus reduces fouling of the 
core and limits activation of the system 
by corrosion products. 

There was also a major chemistry 
problem resulting from the basic nature 
and purpose of pressurized water re- 
actor. Production of nuclear power in a 
pressurized water reactor requires large 
quantities of source material, which is 
converted in the core to fissionable ma- 
terial. In the pressurized water reactor 

(Continued on Page 82) 
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(Continued From Page 81) 
the source material is natural uranium 
surrounding the core as a blanket. 


Uranium Dioxide Tests Made 

Modern practice requires that power 
plants be used to the maximum possible 
extent; be operated continuously over 
long periods; and be readily accessible 
for maintenance. Thus, fuel element 
failures must either be very rare or have 
little impact on operation and mainte- 
nance, Radiation damage and corrosion 
of fuels with high uranium metal content 
led to an intensive development program 
on uranium dioxide (UO:), the most 
likely alternate material. 

Many questions had to be answered 
and tests run before the use of UO: 
could be assured and the necessary de- 
sign data obtained. First, what are the 
extremes of temperature and environ- 
mental conditions UO, fuel elements can 
withstand without melting? Second, if 
failure occurs in an element, is it limited, 
or does it progress to other elements in 
the bundle? These questions could be 
answered only by testing under rigor- 
ously simulated operating conditions. 

A number of irradiation test facilities 
or in-pile test loops capable of operation 
at high radiation levels were designed 
and constructed. Then UO: fuel ele- 
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ments containing deliberate defects in 
the cladding were irradiated at various 
levels in high temperature water and 
with various geometries of the tubes and 
pellets. Unexpected limitations on maxi- 
mum power without melting UO2 were 
found, but fortunately these were in ex- 
cess of the pressurized water reactor 
design values. Tests also demonstrated 
that, in the absence of oxygen, UO, 
was stable chemically in neutral or 
alkaline water. 


Failure Progression Checked 


To determine if failure progresses 
from element to element, a bundle of 
the pressurized water reactor fuel rods 
was irradiated, with one rod bent so 
that it touched a neighbor. To make the 
test more exacting, the cladding on the 
bent rod was weakened at the point of 
contact and the rod was filled before 
testing with a quantity of water (for 
steam production) sufficient to cause it 
to rupture at test conditions and tem- 
peratures. Even under these very strin- 
gent conditions progressive failure did 
not occur. 

Having demonstrated that when used 
as planned, the UO: would be stable 
even if exposed to the coolant through 
defects in the cladding and that only 
individual fuel elements would fail, the 
consequences of operation with defec- 
tive fuel elements remained to be decter- 
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mined. Accordingly, the release of fission 
products to the water was measured, 
and a final corrosion test of one defec- 
tive element was made over a period of 
13 months. The released fission products 
were found to consist largely of halo- 
gens, noble gases and alkali metals, with 
relatively smaller quantities of the alka- 
line earths and still smaller quantities of 
the rare earths. The data were used in 
evaluating the whole fission product 
problem in the pressurized water re- 
actor. It was found that the nature and 
quantities of fission products released 
would permit the operation of the pres- 
surized water reactor with a large num- 
ber of failed fuel elements—much larger 
than is likely to occur within the design 
lifetime of the core. In addition, it was 
found that the plant could be made 
accessible by the use of a continuous 
ion-exchange purification system and 
that waste could be adequately disposed 
of by a system utilizing ion exchange, 
storage and decay. The systems were 
designed conservatively on the basis of 
the data provided by the test program 
on failed fuel elements. 


Leak Location Methodized 
Means for locating leaking fuel ele- 
ments were developed and incorporated 
in the plant design. The method utilizes 
the emission of delayed neutrons from 


(Continued on Page 84) 
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cathodic protection service 


Twenty cathodic protection 
engineers with a combined 
total of over 150 years yo 
ence available to serve 

with ABILITY and INTEGRITY. 


Houston, 4601 Stanford St. 
BRANCH OFFICES 
Tulsa * New Orleans * Corpus Christi * Denver 


* e 
Cathodic Protection 
SURVEYS * DESIGNS * ENGINEERING 


Pipes Lines © Offshore Platforms 
Refinery and Gasoline Plant Lines 
Municipal Systems « Barges 


CORROSION RECTIFYING CO. 


5310 ASHBROOK PHONE: MO 7-6659 
0. BOX 19177 HOUSTON, TEXAS 











CORROSION SERVICE LIMITED 
Offers in CANADA 


A Complete Service in Corrosion Engineering 
Design and Installation of Cathodic Protection 
Systems. 

Resistivity and Electrolysis Surveys 
Selection and Application of Protective Coatings. 


17 Dundonald St., Toronto, Canada 









CORROSION ENGINEERING 


EBASCO SERVICES 


INCORPORATED 









TWO RECTOR STREET, NEW YORK 6, N. Y. 
CHICAGO « DALLAS * PORTLAND, ORE. 
SAN FRANCISCO * WASHINGTON, D. C. 



















ENGINEERING DIRECTORY 


Electro Rust-Proofing Corp. 
Engineering Division 
Corrosion Surveys 

Cathodic Protection Design 
Plans * Specifications 
Electrolysis Control 

Testing 


BELLEVILLE 9, NEW JERSEY 





© Complete 


CATHODIC PROTECTION 


Systems . . . service for special ap- 
en water tanks and pipe 
ines. 


HARCO CORPORATION 


“16901 Brondway Cievelanu Ohio 


CORROSION ENGINEERING 


SURVEYS @ DESIGNS @ SPECIFICATIONS 
Impartial Evaluation 


THE HINCHMAN 
CORPORATION 


Engineers 
Francis Palms Bldg., Detroit 1, Mich. 


FRANCIS W. RINGER ASSOCIATES 


®@ Consulting 
Corrosion 
Engineers 
7 Hampden Ave. MOhawk 4-2863 
NARBERTH (Suburb Phila.) PENN. 


Atlanta * Chicago * Dallas * Monrovia 









—} your shield against corrosion 


; PROVEN EXPERIENCE 
in Installation, Field Survey, Design 
© RECTIFIER SYSTEMS * GALVANIC ANODES 


YOU CAN RELY ON RIO 
P. 0. Box 6035 WTI 


CRP OE Pas cP an kee Oe 


tet eb 


A. V. SMITH 
ENGINEERING CO. 


CONSULTING ENGINEERS 
ON CORROSION PROBLEMS 


Mohawk 


Essex Bldg. a 


Narberth, Pa. 





SOUTH FLORIDA TEST SERVICE 


Testing—Inspection—Research— 
Engineers 


Consultants and specialists in corrosion, 
weathering and sunlight testing. 


4201 N.W. 7th St. * Miami 44, Florida 


WATER SERVICE LABORATORIES, INC. 


Specialists in 
Water Treatment 


Main Office, 615 West 131st St.,N. Y.27,N.Y. 


Offices Also in Philadelphia, Washington and 
Richmond, Va. 
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GENERAL NEWS 


In closed or re-circulating systems 
Columbia-Southern Sodium Chromate controls corrosion 


Effective and economical corrosion 
control in closed or re-circulating sys- 
tems is easily accomplished by the 
addition of Columbia-Southern Sodium 
Chromate to the system. 

Corrosion is thus inhibited through 
the formation of a thin protective film 
on the surface of the metal. This film 
is self-renewing as long as sufficient 
chromate is present in the solution. If 
the film becomes ruptured, the chro- 


mate ions will immediately seal it again. 

Use Columbia-Southern Sodium 
Chromate with confidence for many 
applications including air conditioning 
equipment, refrigerating systems, 
diesels, automobiles, cooling towers, 
marine engines, pumping and com- 
pressor stations. 

For more information, write today 
to our Pittsburgh address or to any of 
our district offices. 


COLUMBIA-SOUTHERN 
CHEMICAL CORPORATION 


SUBSIDIARY OF PITTSBURGH PLATE GLASS COMPANY 
ONE GATEWAY CENTER PITTSBURGH 22° PENNSYLVANIA 


DISTRICT OFFICES: Cincinnati © Char- 
lotte ¢ Chicago * Cleveland © Boston 
New York © St. Lovis * Minneapolis 
New Orleans © Dallas * Houston 
Pittsburgh © Philadelphia ® San Francisco 


IN CANADA: Standard Chemical Limited 
and its Commercial Chemicals Division 


Enlarged cutaway of pipe interior shows how Columbia-Southern Sodium Chromate in solution goes to 
work instantly and effectively coating the metal, inhibiting corrosive attack. This is true in straight- 
aways and in joints or turns. The film coating is self-renewing if scratched or broken by abrasion. 
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Spraying tips for 
FIGHTING #44 
CORROSION 


How to get heavier film-build. 


Corrosion has a field day if protective 
coatings are applied too thin. The answer: 
hot spray. For, material sprayed hot 
needs less thinner than ‘‘cold’”’ applica- 
tions. Result: heavier film-build with 
higher solid-content materials. This 
greater protection can actually be 
measured by a film-thickness gauge. 


Each panel has single coat of vinyl paint: 
one sprayed hot, one “cold”. Gauge shows 
hot-sprayed coat over twice as heavy. 


And you can take hot 
spray anywhere with 
DeVilbiss’ Portable 
Paint Heater (left). 
Heat-jacketed hose 
keeps protective- 
coating material hot 
right up to gun. This 
controlled applica- 
tion of heated mate- 
rial provides such 
anti-corrosion fea- 
tures as heavier film- 


build, uniform coverage, less shrinkage, 
and reduced overspray. 


If you have a corrosion problem that 


coating can solve, perhaps the DeVilbiss 
spray method can reduce the cost of 
application. Call your DeVilbiss repre- 
sentative today and discuss your situa- 


tion with him. The DeVilbiss Company, 
Toledo 1, Ohio; Barrie, Ontario; London, 


England. Branch offices in principal cities. 


FOR BETTER SERVICE, BUY 


DeViLBiIss 


ey 


High Energy Aviation Fuel 
On ASME Dallas Agenda 


Among the papers presented at the 
March 16-20 joint Aviation Conference 
of the American Rocket Society and 
the American Society of Mechanical En- 
gineers at Dallas were: 

High Energy Aviation Fuels, Their 
Promises and Problems, R. A. Wells, 
Gulf Oil Corp., Pittsburgh. 

Maintenance Engineering for Bran- 
iff's Continuous Air-Worthiness Pro- 
gram, E, R. Horton, Braniff Interna- 
tional Airways, Dallas. 


Machine Digs Trench, Forms 
Pipe and Backfills It 


Tractor-trenching device which digs 
trenches for sub-surface drainage sys- 
tems, forms pipe from plastic sheet and 
backfills hole will be among new de- 
velopments introduced to Building 
Research Institute members at their 
Seventh Annual Meeting held at Shore- 
ham Hotel, Washington, D. C., April 
21-23. Developed by U. S. Department 
of Agriculture it makes possible reclaim- 
ing of swampy, marginal land for de- 
velopment purposes. 


Proceedings on Magnesium 
In Aircraft Published 


Use of Magnesium in Future Aircraft 
and Missile Structures, and Workable 
Method for Continuous Welding of 
Magnesium Proves Highly--Efficient are 
among the papers included in Proceed- 
ings of the Magnesium Association’s 
October meeting in New York. Copies 
of the 160-page booklet are available 
from the association offices, 122 East 
42nd St... New York 17, N. Y. at $5 


a copy. 


Environmental Test 
Engineers Will Convene 


Combined Effect of Mechanical and 
Radiation Stress, by T. C. Helvey, The 
Martin Co., Orlando is among the papers 
scheduled to be given during the Second 
Annual meeting of Environmental Test 
Engineers. The meeting will be held at 
Hotel New Yorker, April 17-18. 

P. H. Pretz, Ford Motor Co., will 
discuss Environmental Testing of Auto- 
motive Equipment. Both papers will be 
given April 18. 


Packaging Conference 


The First Annual Industrial Packag- 
ing Training Conference, to be held 
April 28-May 10 at Lake Placid Club, 
New York will consist of a series of 
lecture-discussion sessions on_ various 
phases of industrial packaging. Included 
among the topics to be considered are 


preservation and protection, 


Metal Powder Association 


The 14th Annual Meeting of the 
Metal Powder Association will be held 


at the Sheraton Hotel, Philadelphia, 
April 21-23, Among the scheduled papers 


is Applications and Advantages of Hard 
Surfacing and Corrosion Resistant Sur- 
facing with Alloy Metal Powder, S. 
Tour, Sam Tour Co., New York. 
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Oxidation, Corrosion 
Theme of Physical 
Metallurgy Talks 


Oxidation and corrosion will be the 
theme of a session to be held durin’ the 
Conference on Physical Metallurgy, one 
of the Gordon Research Conferences. 
The conference on physical metallurgy 
will be held June 9-13 at New Hampton 
School, New Hampton, N.H. under the 
direction of John Frye, Jr. and Walter 
R. Hibbard, Jr., respectively chairman 
and vice-chairman. Theme of the con- 
ference is “Microstructures: Their Ori- 
gin and Influence on Properties.” 


Scheduled during the oxidation and 
corrosion session are: Crystal Growth 
During Oxidation, W. D. Forgeng and 
E. E. Webb; Sulfurization of Iron, 
Ralph Condit; Oxidation Nucleation, D. 
Van Rooyen; Metallic Films, V. J. Al- 
bano; Oxidation Kinetics, D. Vermilyea. 

Other sessions will be held on special 
techniques (electron, emission and x-ray 
microscopy); dislocations studies, pre- 
cipitation and second phases and de- 
formation and fracture. Morris Cohen 
will discuss “Brittle Behavior of Steel,” 
in the latter session. 


Lead Industries Meeting 


The 30th Annual Meeting of the Lead 
Industries Association will be held at 
St. Louis, Mo., April 15-16. American 
Zinc Institute will meet with the asso- 
ciation April 15. 


Research Outlay Grows 


Research expenditures at New York 
University, College of Engineering in- 
creased from $2,865,700 to $3,055,400 
during 1957 according to findings of 445 
faculty members, engineers, scientists 
and graduate students. 


Materials Handling Session 


American Materials Handling Society 
will hold technical conferences and an 
exhibition May 8-10 in Los Angeles at 
the Great Western Exhibit Center. 
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(Continued From Page 82) 


certain short-lived fission products. 
Based on detailed observations obtained 
in irradiation tests, it proved quite suc- 
cessful, indicating traces of uranium in 
zirconium not previously realized or 
considered. 

A method was evolved for decon- 
taminating systems rendered inaccessible 
by radioactivity from failed UO: fuel 
elements. The success of this develop- 
ment was demonstrated by decontami- 
nating and restoring to use an irradia- 
tion loop in which a fuel element had 


failed under test. 


Finally, automatic instruments were 
developed for determining hydrogen and 
oxygen levels in the primary coolant; 
these were incorporated in an analytical 
and sampling unit for the reactor. 

The three-year program, involving the 
most intensive irradiation test so far 
carried out on UO: elements, included 


laboratory and chemical studies of tre- 
mendous detail and scope. 
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POSITIONS WANTED 
and 
AVAILABLE 


@ Active and Junior NACE members and 
Companies seeking employees may run 
without charge two consecutive advertise- 
ments annually under this heading, not 
over 35 words set in 8 point text type. 


@ Advertisements to other specifications will 
be charged for at $10 a column inch. 





Positions Wanted 





Three years’ experience cathodic protec- 
tion—office and field, contracting and 
supervising. Year drilling fluids experi- 
ence and sales. B. S. degree business. 
Age 35. Married. Office and/or field 
work. Will take foreign. Corrosion, 
Box 58-3. 





Positions Available 





Paint Technologist—lFor research and 
development in the field of protective 
coatings with emphasis on high temper- 
ature applications. Write Roy W. Hill, 
Materials Branch, Engineer Research 
and Development Laboratories, Fort 
Belvoir, Virginia. 


Chemist 
Research chemist required to lead small 
group on pure water corrosion in sealed 
system. Physical chemist experienced in 
research with interest or experience in 
metal corrosion preferred but other 
qualifications might be acceptable if pre- 
vious experience satisfactory. Salary by 
arrangement. Please apply in writing to 
Personnel Officer. 
Ontario Research Foundation 

43 Queen’s Park Toronto, Ont. 


Operations Superintendent—Opening in 
medium sized natural gas utility in Mid- 
west for an able graduate engineer or 
equivalent to supervise construction, 
maintenance, service on customer prem- 
ises, appliance installation, metering, 
pressure regulation and planning system 
expansion. Liberal benefits. Salary com- 
mensurate with experience and ability. 
State personal and educational qualifi- 
cations. CORROSION, Box 58 - 4. 












PAINTING ENGINEER 









Leading fabricator of capital steel equip- 
ment has immediate need for qualified 
coatings and painting engineer in Kansas 
City, Missouri, general offices. Staff work 
with seven outlying plants. 


Chemical engineering or mechanical en- 


gineering degree plus 3 to 5 years ap- 
propriate experience essential. 

Salary in line with ability and experience; 
advancement by merit; complete benefit 
program; Company-paid retirement plan. 
Send full particulars in confidential 
letter to ORVAL W. GROVES, EMPLOY- 
MENT SUPERVISOR, at address shown 
below. 


Butler Manufacturing Company 


7400 East 13th Street 
Kansas City 26, Missouri 
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to get MAXIMUM 





ate git) 


the most economical buy! 


For the first time in the indus- 
try you can quickly select a 
rectifier to fit your require- 


ments and be sure it will be 
Good-All 





Now... you can order from 









CATHODIC PROTECTION 


rectifier engineers have standardized rating tables in a care- 
fully “stepped” progression, based on the ideal utilization of 
components, designs and case sizes. Why this can be done 
without limiting cathodic protection is explained in the new 


Good-All “Catalog-Manual.” 


The Good- All line is the QUALITY line 


CUSTOM-AIR 


Air cooled, lightweight 
and compact. Highly ef- 
ficient. Individually de- 
signed stacks and trans- 
formers. 

FEATURES: All contacts and terminals 
silver plated. Circuit breakers with in- 
stantaneous and time delay trips. 20 D-C 
output steps from zero to full rating. 
Rugged steel case with front, sides and 
top removable for easy access. 


ADD-A-STACK 


Flexible design. Stacks may 
be quickly added or re- 
moved, wired in parallel, 
series, or series - parallel 


combinations to obtain 
great variety of outputs. 


DESIGNED FOR: Single phase installations 
where ground bed resistance varies or 
current requirements can‘t be determined 
in advance, or installations where a 


change in requirements is anticipated. 





TYPE-N 





See your nearest Representative for NEW CATALOG-MANUAL 


CUSTOM OIL < 


For extremely 
dusty, contaminated 
or humid areas. 


, 
FEATURES: New 
case design adds 10- 
15% greater cool- 
ing capacity. All components enclosed in 
case, with “easy to open” toggle-latch 
top. Oil creep problem eliminated. All 
“Custom” specifications. 












For LOW COST protec- 
tion of Distribution Sys- 
tems, wells, storage tanks, 
etc. A small, custom 
quality, oil immersed rec- 
tifier-at prices lower than an air cooled 
rectifier of equivalent rating. 


FEATURES: Output easily adjusts with 
silver contact switch. Attractive steel case 
—grey Hammertone baked enamel finish. 
















(Write GOOD-ALL for Representative list) 








GOOD-ALL ELECTRIC MFG. co. a 


ELECTRICAL MECHANICAL Div. 122 
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w” 


tr 


































CORROSION—-NATIONAL ASSOCIATION OF CORROSION ENGINEERS 


NEW PRODUCTS 


Equipment 
RT ad (424 


Adhesives 


Interact, a material of unidentified com- 
position which is available as wire and 
in bulk has been tested successfully in 
joining aluminum to aluminum or sim- 
ilar and dissimilar non-ferrous metals to 
each other. The material participates in 
a eutectic reaction with the joined metals 
at low temperatures. It is made by In- 
tertectics, Inc., Northfield and Forbes 
Roads, Bedford, Ohio. 


Air Pollution 


Gases issuing from stacks or other sus- 
pected sources of air pollution can be 
tagged and later assessed by methods 
involving radioactivity which makes it 
possible to determine how much of pol- 
lution at distances from the source is 
the result of emissions from a specific 
plant. The method was developed by 
Hemeon Associates, 121 Meyran Ave., 
Pittsburgh 13, Pa. It consists of inject- 
ing powdered antimony oxide into gas 
streams. Tracer samples collected at 
distances from source are made radio- 
active after collection. 


Aluminum 


MIG Welding procedures for aluminum 
developed by Dept. of Metallurgical Re- 
search, Kaiser Aluminum & Chemical 
Corp., 1924 Broadway, Oakland, Cal. in- 
clude: Qualiweld, in which the gun is 
modified to permit introduction down 
the contact tube directly into the inner 
core of the arc a mixture of argon and 
chlorine gas, to eliminate effect of con- 
taminants. Minor measures _ protect 
equipment against corrosion and the 
chlorine is no health hazard because it 
is only a small fraction of one percent 
of total shielding gas. In the process 
Econoweld, nitrogen replaces inert gas 
in shielding atmosphere and low-flow 
inert gas is used in the contact tube. 
The third process, Chlorecon, employs 
a low flow of inert gas containing a 
small amount of chlorine down the con- 
tact tube with a low flow of inert gas 
through the nozzle in the outer shield. 
This process produces code quality 
welds meeting all bend tests. All proc- 
esses are patented. 

a 
Alclad (0.032-inch) ogee and_half-round 
aluminum rain-carrying equipment de- 
veloped by Aluminum Company of 
America has increased strength and ri- 
gidity, new hanging and joining methods 
eliminating slip joints, straps and inflex- 
ible prefabricated miter joints. 

e 
Alloy X-385 has been developed by Alu- 
minum Company of America to provide 
integre al bearing surfaces instead of cast- 
in or specially-assembled bearings and 
bushings. Loads up to 1500 psi can be 
sustained; tensile and yield strengths 
of a typical specimen are 36,000 and 
20,000 psi respectively. 


Atomic Energy 


A 5000-thermal kilowatt swimming pool 
nuclear reactor built at Sao Paulo, 
Brazil for Institute of Nuclear Energy 


by Babcock & Wilcox is five times larger 
than any other reactor of this type in 
existence. 


Coatings—Metallic 


Hortonclad, Chicago Bridge and Iron 
Company’s process for vacuum cladding 
of corrosion resistant stainless steels 
and non-ferrous materials including the 
high alloys, copper, brass and other 
alloys is used in producing structural 
shapes in which heating or cooling chan- 
nels are incorporated within a heavy 
base plate. This produces a heated or 
cooled surface with no obstructing tub- 
ing or other protruberances. The base 
plate is channeled before cladding to 
form passageways of almost any desired 
conformation. The clad materials can be 
rolled to a 12-foot radius in either direc- 
tion and then re-rolled flat without af- 
fecting the bond, either layer, or the 
channels, 


Coatings—Organic 


R-64 Silicone, a resin developed by Sili- 
cones Division, Union Carbide Corp., 30 
East 42nd St., New York 17, N. Y. 1 
expected to find use as a base for alu- 
minum paints on surfaces operating at 
temperatures in the range 500-1200 F. 
It is specially designed for cold-blend- 
ing with alkyd, melamine and acrylic 
type baking enamels. 
e 

ACP Guide, an 8-page brochure with 
the various chemical coating conversion 
for steel aluminum, galvanized iron, zinc 
and cadmium plated surfaces arranged 
in tabulated form is available from 
American Chemical Paint Co., Ambler 1, 
Pa. Types, purpose, typical metal prod- 
ucts treated, scale of production, ap- 
proximate coating time, coating weight 
range and equipment notes are given. 
Relation of the firm’s formulations to 
military specifications on coatings are 
given also. 


Education 


American Viscose Corporation’s 1958-59 
aid-to-education program will benefit 78 
colleges and universities in the study of 
science and engineering. The aid con- 
sists of a scholarships and fellowships in 
the affected schools. 


Electric Switches 


Nylon-Encapsulated mercury 
developed by Micro-Switch Div., Min- 
neapolis- Honeywell Regulator Co., Free- 
port, Ill. are designed for use in loca- 
tions where they are subjected to 
corrosive liquids or gases. There is no 
inside space where moisture can collect 
to cause corrosion or electrical failure. 


Filters 


Nitex Fabrics available in the United 
States through Technical dorsi gy 
Inc., 136 Washington Ave., Nutley, N. J. 
are made in over 200 different ways for 
filtering wet or dry particles from 25 to 
3000 microns in size. They are made in 
Switzerland. 


switches 


castings, 


Materials 
Literature 


Heat Exchangers 


Karbate impervious graphite tubes with 
internal low fins that more than double 
inner surfaces have been developed by 
National Carbon Company, Division of 
Union Carbide Corp., 30 East 42nd St., 
New York 17, N. Y. The fins twist 
helically through the tubes, providing 
turbulent flow at right angles to their 
longitudinal axis, increasing heat trans- 
fer coefficient as fluid velocities increase. 
They permit designing exchangers with 
up to half the number of plain ID tubes 
in corrosive services where internal heat 
transfer is poor. 


Inhibitors 


Ethtylene Glycol heat transfer medium 
for use in snow melting systems con- 
tains a phosphate-type corrosion inhibi- 
tor. It is sold by Dow Chemical Com- 
pany, under the trade name “Dowtherm 
SR-1,” and is designed to circulate at 
approximately 140-160 F. 
e 


Instantreat, a rapidly-soluble complex 
phosphate for low cost protection 
against lime scale, corrosion and rusty 
water has been developed by Calgon 
Company, 323 Fourth Ave., Pittsburgh, 
Pa. especially for use in solution feed- 
ing equipment in small water systems. 
When used with the Calgon chemical 
feed pump, the patented phosphate pro- 
vides a sterile feed solution entirely safe 
for use in drinking water systems. The 
pump has no electrical connections or 
motor, 


Instruments 


Laminagage, operating on the swept 
frequency eddy-current principle will 
measure conducting or non conducting 
coating thicknesses over the range 
0.00005 to 0.007-inch with 10 percent ac- 
curacy. It also will locate surface and 
subsurface cracks in smooth and rough 
flat stock or plate and tubing. 
The instrument is made by Gulton In- 
dustries, 212 Durham Ave., Metuchen, 
N. J. 


Analysis of ferrous and non-ferrous 
metals and alloys in 30 seconds is pos- 
sible using a new direct reading spec- 
trometer developed by Jarrell-Ash Co., 
Newtonville, Mass. It instantly regis- 
ters concentrations of up to 30 alloying 
elements simultaneously on easy-to-read 
dials. 
® 
Corro-dex battery-operated corrosion 
testing instruments have single-knob 
controls and readings indicate corrosion 
rate directly in micro-inches. Probes of 
most common metals are available for 
normal operating conditions and for 
pressures up to 4000 psi and 700 F. The 
probe circuit permits assessing corro- 
sion in process without interrupting 
process streams to install coupons. Bul- 
letin 5502 available from Labline, Inc., 
3070-82 W. Grand Ave., Chicago 22, 
Ill. describes 1958 models. 
We 
Audio oscillators developing 15 watts at 
750 cps into a 500-ohm load have been 
(Continued on Page 8&8) 
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i unbeatable EDGE PROTECTION... 
with Prufcoat Hot-Spray Vinyl ! 
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PRUFCOAT LABORATORIES, INC. / 63 Main Street / Cambridge 42, Mass. 
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(Continued From Page 86) 


perfected by Tinker & Rasor, San 
Gabriel, Cal. Useful for testing pipe and 
coating holidays and for locating buried 
pipe, they operate on a 12-v battery and 
have a conversion efficiency of better 
than 70 percent. 

e 


A Commercial X-ray microscope which 
determines the chemical composition of 
a specimen is described in a new folder 
“A High Resolution PMR X-ray Micro- 
scope with Electron Microscope Con- 
version” available from Instruments Di- 


PLASTIC COATING 


HOLIDAY 


DEPENDABLE, SAFE ON 
WRAPPINGS 
This detector will locate pin-holes 
and bare spots in plastic tape appli- 
cations such as polyethylene, etc. 





EASILY PORTABLE 
Hand-held instrument weighs but 334- 
lb. Easily inspects applications on field 
joints, service tees, valves and fittings. 


Not recommended for pipelines. 


AUDIO SIGNAL 
When the low energy spark locates a perfor- 
ation through tape wrapping, spark sound is 


DETECTOR 
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vision, Phillips Electronics, Inc., 750 
South Fulton Ave., Mt. Vernon, N. Y. 


Metals—Ferrous 


Stainless Steel Division plant of Jones 
and Laughlin Steel Corp. at Detroit has 
installed two furnaces making it pos- 
sible to supply stainless steel bars in a 
close range of hardnesses to meet cus- 
tomers’ specifications. Six types of stain- 
less are being treated. 
& 


4-D Wrought Iron has greatly improved 
physical and mechanical properties and 
better resistance to many corrosives, 
according to A. M. Byers Co., Clark 
Bldg., Pittsburgh. Improvement was 
made by substantially increasing the de- 











ECONOMICAL, 
HIGHLY PORTABLE, 
LTS ome as 

FOR USE IN TAPE 
COATING HOLIDAY 
DETECTION 








amplified by a speaker inside the unit. Unit 


has insulated plastic case and handle. 


SILICONE-RUBBER ELECTRODES 
Pliable silicone-rubber electrode 342-in. wide can’t 
injure wrappings yet conforms to surface contours, 
gives accurate check. Other width electrodes avail. 
LS-1 DETECTOR COMPLETE CONSISTS OF: 
Detector in plastic case with 6-volt, dry-cell battery. 
Electrode assembly with 3%-in. wide silicone-rubber 
blade. Ground wire cable 4-ft. long. Carrying case. 


Write for literature... 


TINKER & RASOR 


417 AGOSTINO ROAD, P.O. BOX 281 


SAN GABRIEL, CALIFORNIA... ATlantic 7-7942 
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oxidation of the base metal, increasing 
phosphorus content and using a more 
siliceous silicate fiberous material. It is 
available now and will be produced 
along with earlier analyses.at the same 
price, the company said. 


Metals—Non-Ferrous 


Tantalum and columbium will be pro- 
duced at a pilot plant under construc- 
tion at Cincinnati by U. S. Industrial 
Chemicals Co. Rated at a ton of com- 
bined metals per month on a one-shift 
schedule, it is expected to be on stream 
in April. A USI-developed sodium re- 
duction process will be used, similar to 
the one at the Ashtabula, Ohio zirconium 
plant of Mallory-Sharon Metals. 


Non-Metallics 


Six Graphite Blocks each weighing over 
2% tons have been produced by Na- 
tional Carbon Company for conversion 
into honeycomb reinforcement in com- 
bination with stainless steel panels on 
the B-58 bomber produced by General 
Dynamics Corp. 


Pipe Line Equipment 


Maloney Pipe Line liquid-filled rubber 
spheres produced by F. H. Maloney Co., 
Box 1777, Houston are designed for all 
products lines where an intermediate 
seal to transmit pressure is desired. 
Tests show they outwear pigs, will with- 
stand runs of 500 miles before excessive 
wear losses, follow sharp bends and go 
through tees more readily. They are 
available in nominal pipe sizes 4 through 
20 inches. 


Plants and Facilities 


Water Service Laboratories’ offices and 
laboratory have been moved to 169 West 
Wyoming Ave. 

co 


Liquid Hydrogen Sulfide at the rate of 
60 tons daily will be produced at a syn- 
thetic hydrogen sulfide plant to be con- 
structed at Moa Bay, Oriente, Cuba by 
Girdler Construction Division, National 
Cylinder Gas Co, This first large scale 
hydrogen sulfide plant to be used in ore 
processing, will be part of an unusual 
process developed by Cuban American 
Nickel Co. to produce nickel from limo- 
nite ore. 


Plastics 


Reinforced Epoxy plastic pipe made of 
interwoven glass fiber filaments is being 
produced by Amercoat Corp., 4809 Fire- 
stone Blvd., South Gate, Cal. Two to 
12-inch Bondstrand pipe, in 20-foot 
lengths, has plain bell and spigot or 
flanged ends. Other lengths and diam- 
eters up to 40 inches are available on 
special order. The basic joint is made 
by placing the spigot end of one pipe 
into the bell end of the next. An O-ring 
and a tapered sleeve, both secured with 
a special adhesive, seal the joint against 
leakage. Connections for other lines and 
equipment are provided. 


2 
PVC Tubing shrunk tightly over new 
or old rolls used in the cellophane, film, 


textile, paper, chemical and process in- 
dustries is described in Bulletin RC 9000 


(Continued on Page 90) 
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ACP ALODINE* CAN 
CUT COSTS FOR YOU 














An aluminum awning manufacturer cut operating costs 66%, in- 
creased output 50% by treating strip with ACP ALopINE. This 
process permits roll forming after enameling without marring the 
finish, too. The former way was slow and inefficient, machine 





downtime was excessive, the finish was too brittle to roll form. 
ACP ALOopINE can improve your operation and cut costs for 

you. Write today for complete information about ACP ALODINE 

and its functions in protecting aluminum and bonding paint to it. 


*ALODINE is a registered trademark of American Chemical Paint Company 


cuemicacs] AMERICAN CHEMICAL PAINT COMPANY 
Ambler 40, Pa. 


PROCESSES Detroit, Mich. «  St.Joseph,Mo. e Niles, Calif. « Windsor, Ont. 
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NEW PRODUCTS I MEN in the NEWS. 


(Continued From Page 88) 
Rubber Co., 


from Luzerne 


N. J. 


available 
Trenton, 
e 


Teflon tubing connections for equipment 
handling corrosives are available from 
Pennsylvania Fluorocarbon Co., Inc., 
1115 North 38th St., Philadelphia 4, Pa. 


Tubing 


Superior Tube Co., Norristown, Pa. is 
producing a line of super-alloy tubing in 
16 analyses designed not to rupture 
under stress of 25,000 psi at 1200 F dur- 
ing 1000 hours. Seamless and welded 
and drawn tubing are offered. 


Wood 


Plywood-Molded pipe manufactured by 
Plycraft, Inc., Lawrence, Mass. is rec- 
ommended for numerous applications in 
the chemical, mining and agricultural 
fields. 


COKE BREEZE 


Backfill for Anodes 
Ideally suited for use with anodes. Has a high carbon 
content and comes in sizes of Y-inch x 0 to %& 
x Ye inch. In bulk or sacks. Prices on other sizes 
on request. 


National Carbon Anodes 
Magnesium Anodes 
Good-All Rectifiers 


HOLESALE 
COKE COMPANY 


PHONE GARDENDALE, ALA. 
HEmlock 6-3603 


P, O. Box 94 Mt. Olive, Ala. 


A. R. Teasdale has been named Director 
of Advanced Technology at Temco Air- 
craft Corporation at Dallas. He will 
direct the efforts of a group of engi- 
neering and scientific specialists. 

© 


Wesley R. Kegerise has been appointed 
metallurgist—high temperature alloys 
by The Carpenter Steel Company, 
Reading, Pa. 

° 


John D. Keane, formerly of the Armour 
Research Foundation, Chicago, Illinois, 
has been appointed Director of Research 
and Executive Secretary of The Steel 
Structures Painting Council, Pittsburgh, 
Pa. 

© 


Jack H. Kubanoff has joined Fluoro- 
carbon Products, Inc., division of U. S. 
Gasket Company of Camden, New Jer- 
sey as head design and development 
engineer. 

et 


R. O. Barry has been appointed sales 
engineer by Tube Reducing Corpora- 
tion. Mr. Barry formerly was district 
representative for the Industrial Divi- 
sion of the Oliver Corporation and 

B. Farquhar Company, York, Pa. 


John Gilbert has been appointed Hous- 
ton sales representative for Tube-Kote, 
Inc., Tubular Sales Division. Mr. Gil- 
bert is a graduate of North Texas State 
College with six years’ experience in 
corrosion control. 


Carl Franklin Hoffman, superintendent 
of Blast Furnace Department of Spar- 
row Point Works of the Bethlehem 
Steel Company has been selected _ re- 
cipient of the David Ford McFarland 
Award for Achievement in metallurgy 
by The Penn State Chapter of the 
American Society for Metals. 


Nuts @ Rods @ Ta Wire @ Insulators 
Teflon Tape 


P. O. Box 4507, Audubon Station 


Baton Rouge 6, La. 


SERVING CORROSION ENGINEERS AROUND THE WORLD 


ENGINEERS 


Vol. 14 


L. William Kates has been appointed 
Director of Engineering of Sylvania- 
Corning Nuclear Corporation, Bayside, 
Long Island, New York. Mr. Kates 
joined Sylvania Electric in 1947 as an 
engineer in the advanced development 
section of the metallurgical laboratory. 
a 


D. W. Rice has been made produet 
sales manager of the conduit division 
of National Electric Products Corpora- 
tion and will direct the marketing of 
the firm’s rigid and flexible steel conduit 
and electrical metallic tubing. Mr. Rice 
has served the electrical industry for 
more than 35 years. 

co 
A. H. Roebuck is now associated with 
The Western Company, Midland, 
Texas. He formerly was with The Con- 
tinental Oil Company, Ponca City, 
Okla. 

® 


R. D. Scovill has joined Rawdon Myers 
Agency, manufacturers’ representatives 
of Cincinnati. Mr. Scovill formerly was 
a district manager for the Moyno Pump 
Division of Robbins and Myers Co. 

2 


Verne C. Kennedy, Jr., sales and engi- 
neering executive of a Grayslake, IIl., 
firm has been named executive director 
of the University of Oklahoma Research 
Institute. 

e 
W. D. Goad has been appointed sales 
engineer by Tube Reducing Corpora- 
tion of Wallington, New Jersey. He 
holds a BS in mechanical engineering 
from North Carolina State College at 
Raleigh. 
® 
formerly manager of 
The Carpenter Steel Company’s re- 
search Laboratory, has been appointed 
manager of the company’s Webb Wire 
Division, New Brunswick, N. J. 

e 


Roger M. Blough, chairman of the 
board of directors of the United States 
Steel Corporation; Dr. John R. Dun- 
ning, Dean of the Columbia University 
Engineering School and Daniel K. 
Wright, formerly with General Electric 
Company are recipients of the year’s 
Stevens Honor Award in recognition 
of notable achievement. 

e 

executive vice presi- 
owner-founders 


John H. Corson, 


Frank Batchelor, 
dent and one of the 
of Quaker Chemical Products Corp., 
Conshohocken, Pa. was honored re- 
cently on his retirement after 28 vears. 
He will continue as a member of the 
company’s board of directors. 

* 
John T. Dunton and Howard Hoke 
have been appointed engineering man- 
agers in charge of pipe joining products 
and service fittings and pipe repair prod- 
ucts, respectively in Dresser Manufac- 
turing Division’s newly organized Prod- 
uct Engineering Department. 

& 


William B. Firman has been appointed 
marketing manager of Orr & Sembower, 
Inc. Reading, Pa. Mr. Firman, a grad- 
uate of Cornell University, served with 
Baldwin-Lima-Hamilton and the Worth- 
ington Corp. before joining Orr & Sem- 
bower. 
% 

Robert E. Smith, 
manager of The 
chemical sales, has been 
sales manager. 


assistant 
Division’s 
vessel 


formerly 
Pfaudler 
named 





CORBAN 


CORBAN CORROSION INHIBITOR CUTS WELL MAINTENANCE COSTS. When 
corrosion forces operating costs up and profits down, pick the inhibitor that 
does the job best . . . that’s Corban®. Field experience has proved that Corban 
materially extends the life of tubing, pumps and sucker rods on wells produc- 
ing corrosive fluids. It helps avoid workovers caused by corrosion-damage. 
Corban coats all the metal surfaces throughout the well which are contacted 
by well fluids. It is easy to use—does not aggravate emulsion problems. 

Corban, a polar-type inhibitor, comes in several forms: “ready-to-use” liquid, 
concentrated liquid, and in sticks. Also, it is available in several formulas to 
meet specific well conditions. Cail any of the 165 Dowell service points in 
the United States and Canada for a recommendation of the Corban for your 


wells. In Venezuela, contact United Oilwell Service. Dowell Incorporated, 
Tulsa 1, Oklahoma. 


Products for the oil industry 


A SERVICE SUBSIDIARY OF THE DOW CHEMICAL COMPANY 
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HYDROGEN ABSORPTION, 
EMBRITTLEMENT 
and FRACTURE of STEEL 


By Arnold E. Schuetz, Research Department, Bridgeport Brass Company, Bridgeport, Conn. and W. D. Robertson, Hammond 


Metallurgical Laboratory, Yale University, New Haven, Conn. 


Reprint Copies 
Available Now! 


Per $ 
Copy 
Postpaid 


This 24-page illustrated report is replete with figures 
and tables on this basic research project’s findings. 


Basic Facts on 
Mechanism of 


Hydrogen Sulfide 


Stress Corrosion 


The findings of a 4-year inquiry into the 
fundamental reactions involved in the so- 
called spontaneous fracture of steel as a re- 
sult of hydrogen absorption in the presence 
of sulfides. 


This project, supervised by NACE’s Technical Unit 
Committee T-1G on Sulfide Stress Corrosion Crack- 
ing, was financed by industrial firms concerned 
with this problem in the expectation that an un- 
derstanding of the fundamental reactions involved 
would lead to a solution. 


Data in this report are expected to be useful not only in im- 
mediate steps to reduce the losses due to spontaneous failure 
but also as a foundation for subsequent inquiries into phe- 
nomena associated with hydrogen absorption and embrittle- 
ment of steel. 


To: T. J. Hull, Executive Secretary 
National Association of Corrosion Engineers 
1061 M & M Bidg., Houston 2, Texas 


(Please Print) 


Publication 
No. 57-17 


Name 
Number and Street Name or Postoffice Box No. 


Ty ~C : ‘Zone _— State 
Remittance Enclosed for: 


Add 65c per package to all ad- 

—t paws... 3... dresses outside the United States, 

Book Post Registry... $_____ Canada and Mexico for Book Post 
SUN 55 < i alien Registry. 


ORDER YOUR 
COPY TODAY 


If you are concerned with operation 
of equipment subjected to hydrogen 
sulfide environments or are manutac- 
turing equipment for service in this 
environment you will want a copy of 
this report. 


Another Contribution 
of NACE to the 
Understanding of 
Corrosion Processes 
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IAMOND ALKALI Company pro- 
duces basic chemicals for industry 
and agriculture including these: Acids, 
alkalies, silicates, chlorine, solvents, ce- 
ment, plastics, chlorine compounds, 
chromium salts and insecticides. The 
chemicals are made in 18 plants located 
in 11 different states with atmospheric 
conditions varying from the hot, humid 
climate of the Texas Gulf Coast to the 
relatively mild climate of the Central 
states. In most cases, the natural corro- 
sive conditions of the atmosphere and 
climate are agravated by the chemicals 
produced in the plants. Hydrochloric acid, 
chlorine and alkalies are the most com- 
mon chemicals encountered but each 
plant condition is different because of de- 
sign, location and other products pro- 
duced. In the Northern and Eastern 
plants the entire operation is usually en- 
closed in buildings, while the Gulf Coast 
and Southern operations are built more 
or less in the open. The two largest opera- 
tions of Diamond Alkali are located at 
Painesville, Ohio (30 miles from Cleve- 
land on Lake Erie) and Pasadena, Texas 
(20 miles from Houston on the Houston 
Ship Channel). 


For many years each of these plants 
has had a corrosion engineer who has 
been responsible for corrosion control in 
his plant. Dissimilarity of plant locations 
seemed to preclude any overall protec- 
tive coating standardization. 


Program Started in 1955 


In June 1954 the Diamond Alkali Com- 
pany initiated a company-wide standards 
program to effect economies in engineer- 
ing, purchasing and maintenance. Pro- 
tective coatings standards, as one of the 
classifications of standards, was started 
in October 1955. A check made of paint 
purchases of the 18 plants showed pur- 
chases being made from 71 vendors, of 
233 different protective coatings, not 
counting different colors. It was obvious 
that economies could be made by stand- 
ardizing protective coatings and reduc- 
ing the protective coating inventory. At 
the same time it was necessary to pre- 
serve independence in purchasing protec- 
tive coatings. 

Standardization would accomplish the 
following: 


1. Coating application would be im- 
proved with resulting economies in 
maintenance costs. 


Specifications for protecting new 
plant construction could be simpli- 
fied with a considerable savings in 
engineering man-hours. 

3. Standards would give more informa- 
tion to smaller plants without having 
corrosion engineers. 


bho 


A “Protective Coating Standards Sub- 
Committee” was formed, consisting of 
the following: Central engineering staff 
engineer, chairman; Painesville Works 
corrosion engineer, Houston Works cor- 
rosion engineer, Cleveland purchasing 


% Condensed from a paper presented by S. W. 
Mclilirath, Diamond Alkali Co., Cleveland, 
Ohio at a meeting of Northeast Region, Na- 
tional Association of Corrosion Engineers, 
November 13-14, 1957. 


Protective Coatings 
Standardization 


In a Multi-Plant 
Chemical Operation“ 


Abstract 
The problem of standardizing coatings in 
a multiple plant chemical operation is 
reviewed briefly. A method adopted by 
one organization is described and rea- 
sons for the decisions given. Examples 
are given of specific standards in use 
and the company’s testing program for 
new coatings is explained. 5.4.6 


protective coating buyer, Paint coordina- 
tor of Painesville maintenance painting. 

In November 1955, the first meeting 
was held to determine how protective 
coating standardization for such a large 
and diversified chemical operation could 
be accomplished. Use of standards in the 


Reference 


This standard is to be used in conjunction with General Coating Material {isting 


Standard DAZ and General Coating Procedure Standard DE2-1. 1 


System Expianation 
To provide standard coating systema a combination of letters and numbers has 
been used to combine material and application specifications to form a coating 
system 
This combination of letters and numbers defines the requirements of a protec 
ive coating system; identifying the coating required, surface preparation and 
ilm thickness 


rst Letter Designations 


The first letter always desigrates the coating system to be used as shown on the 
Material List Standard 


etter designations and the applicable standard numbers are 


Standard Number 


A - Asphalt Mastic Coating for Metal DA2-2 
D - Decorative Interior Enamel 
E - Catalyzed Epoxy Coating for Metal 
H - Exterior Paint for Wood 
Latex Emulsion Coating 


M - Vinyl Mastic Coating 
) ~ Oil Coating for Metal 
P - Polyvinyl Acetate Emulsion for Exterior Masonry 
S - Silicone Waterproofing Coating 
Viny! (PVC) Coating for Metal 










Second Letter Designations 
The second letter always designates the Surface Preparation Standard to 
be used as shown in the Procedure Section 
Letter designations and the applicable standard numbers are 

Standard Number 
H - Surface Preparation for Metals 
(SSPC-SP 2-52T, Hand Cleaning DE4-2.2 
M- Surface Preperation for Metals 
SSPC-SP 3-52T} Power Tool Cleaning DE4-2.3 
ernate choice 
SSPC 7-52T) Brush-off Biast Cleaning DE4-2.4 









Surface Preparation for Metals 
{SSPC-SP 6-52T) Commercial Blast Cleaning DE4-2.5 
W- Surface Preparation for Metals 
(SSPC-SP White Metal Blast Cleaning DE4-2 6 
X - None Designated 
Third- Letter Designations 
The third letter designates the metal surface treatment or special instructions 


etter designations and the applicable standard numbers are 


Standard Number 


4 - Aluminum Viny! Build Coat DA2-2.3 
R - Rusty Metal Primer DA2-6.2 
W - Wash Prime for Metais DA2-2.5 
X - None Required 


TECHNICAL TOPICS 


Diamond organization (which is com- 
posed of seven autonomous divisions) is 
not compulsory; therefore, any protective 
coatings standards must be of such qual- 
ity that they would be used voluntarily 
because their use produced savings for 
the divisions. Many meetings were held 
before a workable method of writing 
standards acceptable to all members, 
plants and divisions was arrived at in 
June 1956. The method used is novel and 
is working very well. 


Common Ground Located 

First step in organizing the program 
was to find a meeting ground that was 
common to all plants. Designating by 
vendors was impractical because plants 
were using materials from different 
sources with the result that no two coat- 
ings were the same color. So, standard- 
ization of colors was reluctantly adopted. 


After much work with many different 
vendors and the paint laboratory staff 
standard colors were selected. Six colors: 
White, black, gray, dark green, tan and 
cream were designated the workhorse 
colors. Because they were not identical 


(Continued on Page 94) 


6 First Figure Designations 


6 1 The first figure always designates the dried film thickness in mils of 
the prime or sealer coats 


6 2 The dried film thickness designations are 


© - None Required 
1- imi 
2-2 mils 

3 mils 


7 Second Figure Designations 
7.1 The second figure always designates the dried film thickness in mils of 
the Build Coat 


7 2 The dried film thickness designations are 


0 - None Required 
1-1 mil 


mils 







3 mils 
4-4 mils 


% Third Figure Designations 


8.1 The third figure always designates the dried film thickness in mils of 
the Finishing Coats 


8.2 The dried film thickness designations are 


1- i mil 
2 mils 
3~- 3 mils 
4-4 mils 
5 mils 
6 mils 











62 mils or 1/16" 


2 System Examples 


Sample system designations and their meanings are as follows 


OMW- 203 


O- Use Oil Coating for Metal as listed on Standard DA2-2 2 

M- The surface is to be cleaned in accordance with Standards DE4-2 3 
(Power Tool Cleaning) or DE4-2. 4 (Brush-off Biast Cleaning) 
Surface treatment shall consist of the application of Wash Prime 
Standard DA2-2.5 
Apply a 2 mil dried film thickness of the Prime Coat 
No Build Coat required 

3 - Apply a % m | dried f im thickness of the Finish Coat 


VCX-102 


V - Use Viny! (PVC) Coating for Metal as listed on Standard DA2-2 

C - The surface is to be cleaned in accordance with Standard DE4-2 5 
(Commercial Blast Cleaning) 

X - No surface treatment required 
Apply 1 mil dried film thickness of the Prime Coat 
No Build Coat required 

2 - Apply a 2 mil dried film thickness of the Finish Coat 


AXX-002 


A - Use Decorative Interior Enamel as listed on Standard DA2-4 2 
X - No surface preparation specified 

X - No surface treatment required 

0 - No Primer required 

0 - No Build Coat Required 

2 - Apply a 2 mil dried film thickness of the Finish Coat 


Figure 1—Standard for Coating Systems 
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with those already in use, concurrence 
or management was required. 

Red, green, yellow, orange and blue, 
used in smaller quantities as safety colors 
are reasonably close to colors produced 
by most vendors. All colors could be 
made of readily available pigments. 

In specifying the standard colors it 
was believed desirable to limit, but not 
restrict, the pigments used in the coat- 
ings. Therefore, coating suppliers are 
allowed a wide choice of pigments with 
a minimum of restrictions, rather than 
being restricted by specifications in 
formulation, which frustrate paint manu- 
facturers’ initiative in employing new 
and improved pigments. 

The general standard for protective 
coating colors requires that pigments 
used be resistant to acids, alkalies, salts 
and solvents to the same degree that the 
resins and/or oils are. 

Resins and pigments also must be 
stable to sunlight and weathering. 


Lead Pigments Excluded 

The restrictions in pigmentation of 
finish coats excludes lead pigments, 
chalking pigments, pigments of high 
water solubility and chemically reactive 
pigments. 

Coating quality minimum requirement 
is that vehicle solids and opacity shall 
be equal to the suppliers’ trade name 
quality and that all materials shall be 
supplied in a consistency suitable for 
brush application but be adaptable for 
spray application through dilution unless 
otherwise specified. 

To provide a means of 
coating systems, a letter 


designating 
and number 


M & M BLDG. 
HOUSTON e CA 2-2203 
ca 
1038 4th Street 


Gretna, La. 
FOrest 1-186] 


OIL COATING FOR METAL SYSTEMS 


1 Reference 


1.1 This standard to be used in conjunction with Material Estimating General 
Standard No. DC4-2.1 


1.2 The Specified Color is to be in accordance with Diamond Color General 
Standard No. DA7-2.1, and shall be listed on the bill of material or 
purchase order by the color and standard number 


1.3 Thinners are to be ordered in accordance with Genera! Sandard No. DC4-2.1 
Oil Metal Otl Metal Oil Metal Sandblast 


System for Primer Finish Finish Sand 
| Metal | «Black, (Final Color) » 


Wash Prime 





= eee fe ai 4 = 


OMX-102! None 25¢ aq ft/gal Not Req'd 150 sq ft/gal | 


OMX-203| None 150 sq ft/gal 250 sq ft/gai | 200 sq ft/gal None 


OMW- 102) 400 sq ft/gal| 250 sq ft/gal Not Req'd 150 sq ft/gal None 


OMW-203| 400 sq ft/gal| 150 sq ft/gal | 250 sq ft/gal 200 9q ft/gal None 


OCX- 102 None 250 sq ft/gal Not Req'd 150 9q ft/gal = /10#/aq ft 


ocx-203| None 150 sq ft/gal 250 sq ft/gal | 200 q ft/gal |10#/sq ft 


OCW-102| 400 aq ft/gal | 250 sq ft/gal Not Req'd 150 sq ft/gal | 100/aq ft 


OCW-203| 400 sq ft/gal | 150 sq ft/gal 250 sq ft/gal 200 sq ft/gal — 108/sq ft 


OHX-002 | None None None 150 8q ft/gal None 


CATALYZED EPOXY COATING FOR METAL SYSTEMS 
Reference 


This standard to be used in conjunction with Material Estimating Generai 
Sandard No. DC4-2.1 


The Specified Color is to be in accordance with General Color Standard No 
DA7-2.1, and shall be listed on the bill of material or purchase order by the 
color and standard number 


1 3 Thinrers are to be ordered in accordance with General Standard No. DC4-2 1 


Catalyzed Catalyzed Epoxy 
Epoxy Catalyzed Epoxy Finish 
Primer Finish (Black) ( Final Color) 


t- SS 


ECX-203 | 200 sq ft/gal 200 8q ft/gal 200 sq ft/gal 10#/aq ft 


ECX-102 | 300 sq ft/gai | None 100/sq ft 


200 sq ft/gal 200 sq ft/ga 200 aq ft/gal None 


\ 
| 
150 9q ft/gal | 
| 


200 sq ft/gai 200 sq ft/gal 15¢/aq tt 


GENERAL STANDARD 
METALS) 


Coverage 
The amount of square feet that can be covered with one gallon of a given 
oating depends great! the smoothness of the surface and the method of 
application When the surface of the metal is deeply pitted or otherwise 
rregular, the coverage per gallon of coating wili be considerably less than 


when a new or smooth surface is to be coated 


The coverage per gallon for the various systems listed in these standards 
is based upon brush application over the average surface encountered in new 
steel. When rough or pitted stee! is to be coated or application is to 

be made by spraying, the quantity of the coating required should be increased 
by 25%. When the spraying is inside of buildings, the amount of coatings 
should be increased only 5% 


For additional coating of previously peinted steel, the quantity of coating 


equired should be decreased 2 
Thinners 
Oil Coatings 


Mineral Spirits, Rancard No DA3-2 2, shail bi 


rate of 20% of the total nating quantity 


Viny! PVC and Vinyl Mastic Coatings 
Methy! Ethyl Ketone, Standard No DA3-2.5, or Methy! Iso Buty 
Ketone, Standard No DA3 shall be required at the rate of 25% 
of the total viny! coating re nents 
Catalyzed Epoxy Coatings 


23 Methy! Ethyl Ketone, Standard No DA3-2.5 shall be required at the 
rate of 20% of the total Epoxy coating requirements 


Figure 3—Estimating Coating for Metal Systems 


combination system was devised for each 
generic type of paint commonly used. 

Designations used are indicated in Fig- 
ures l and 2. 

The second figure designates the dried 
film mil thickness of a “build coat” a 
term used to differentiate it from an in- 
termediate coat. The term “build coat” 
indicates a material used only as a sand- 
wich between primer and finish coats. 
Examples are a vinyl mastic covered 
with a polyvinyl chloride material, or an 
aluminum sandwich coat, or possibly a 
special high build material to increase 
overall film thickness. 


The third figure designates dried film 
thickness of the finished coats. Finish 
coats with thicknesses over two mils are 
applied in two separate coats, of which 
the first—often called intermediate coat— 
is to be black, or color strongly contrast- 
ing to the top coat. 

To meet every condition each generic 
coating material was listed in all possible 


(Continued on Page 96) 
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How Glidden can help 


keep your equipment 


out of industry’s 


costliest 


scrap pile 


Glidden VINYL-COTE maintenance 
coating system offers maximum corrosion 
resistance where operating temperatures 
are below 170°F. Ideal for protecting 
metal, concrete, masonry and wood sur- 
faces from the most severe exposure to 
acid and alkaline conditions. Provides 
long-lasting flexibility, adhesion and 
toughness plus excellent color retention 
and chalk resistance. Easy to apply, dries 
quickly. 

Glidden NEV-A-RUST system is excellent 
for protecting metal surfaces subjected to 


normal or mild chemical conditions. 
Primer contains rust-inhibitive pigments, 
provides good surface wetting, fast air 
dry. NEV-A-RUST finishing coats offer 
outstanding gloss and color retention and 
durability. 


These are but two of the many protec- 
tive coating systems offered by Glidden— 
each specifically engineered to provide 
positive protection at lowest maintenance 
cost per foot per year. Let Glidden 
recommend the system that will solve your 
particular corrosion problem. 


Write now (company letterhead, please) for 
folders which contain complete information 
on Glidden VINYL-COTE and NEV-A-RUST 
maintenance coating systems. 


INDUSTRIAL MAINTENANCE HEADQUARTERS 
900 Union Commerce Bidg. + Cleveland 14, Ohio 


SALES OFFICES AND FACTORIES: San Francisco, Los Angeles, Chicago (Nubian Division—1855 North Leclaire Ave.), 
Minneapolis, St. Louis, New Orleans, Cleveland, Atlanta, Reading. In Canada: Toronto and Montreal. 
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OIL COATINGS FOR META 


eating Type 
‘Oil Coatings for Meta!” are conventional exterior o1| ename r use on meta 
These contings dry by oxidation of the drying oil to a glossy finish, and are com 
posed of: modified synthetic resins of the alkyd, phenolic or epoxy type, pigments 
drying otis; driers, and thinners 

Surface Preparation 


Unpainted Meta 


The « 
designa 


Existing Meta! Painted 


Clean aii rusted or abraded areas of rust and non-adherent paint in 
ce with the method designated 


Ali dirt, grease and chalking paint is to be removed from the adherent 


paint by hand wire brushing and solv leaning (Standard DE4-2 8) 
r steam cleaning (Standard DE4-2 


Chemical Contamination 


ical contamination shall be neutralize 
nce with Standard DE4-2 7 


Surface Treatment 
When designated, « 0 3-0 S mil dried film thickness of Wash Prim 
shall be applied by brush or spray in accordance with Standard DE 
(SSPC- PT 3-53T) Basic Zinc Chromate-Viny! Butyral Washcoa 
Prime Coat Application 
Prime Coat shall be applied by brush in one or more coats to the designate 


dried film thickness in accordance with General Randard DE 
(SSPC PA 1-53T "Shop, Field and Maintenance Painting 


Build Coat Application 


Finish Coat Applicatior 


Field and Maintenance Painting” 


2 mil dried f'im thickness to be 
noats of the specified color 


3 Wham che (nish coat is to be applied ‘n three 
operations the coat next to the prime coat shal 
same colo as the final top coat Intermed 
black except when black is to be used for the fina 

rhinaing 


Quality of cbinner os 
of the of! coating 


m Thickness 


be “O1l Coutings for Metal” can be applied to the f 
hickness pe 


f coat us packaged, without sagging under 
41.1 Brush Application 3 mils 


Roller-coat applicat‘on 


3 Spray Application 


CATALYZED EPOXY COATINGS FOR META 


Coating Type 


‘Catalyzed Epoxy Coatings for Meta!” are cally cured epoxy resir 
‘oatings for use on metal. The coatings dry by evaporation of solvents 
and the reactior of a catalyst to 2 tough glossy film having good genera. 
hemica! resistance These epoxy coatings are two package materials anc 
must be mixed just before use One package contains the resin, plasticize 
pigments and solvents and the other either an amine or polyamid sulution 
atalyst When these two components are mixed, a chemical reaction is 
et up which results in the curing of the coating The pot life will vary 
with the temperature, but in every case it (s limited to a few hours 


¢ Preporatior 


oxy base coatings in general exhibit very poor adhesi 
ed surfaces. it is therefo 

be highest quality pract 

ssfully provide protection for the meta 


Painted) 


| rusted or abraded areas 
cordance with the method desi 


2 All dirt, grease and chalking paint 
adberent paint by hand wire brusting and s 
DE4-2. 4), or by steam cleaning ‘Standard DES 


Chemical Contamination 


All chemical contamination shall be neutra 
recordance with Standird DE4-2 7 

NOTE: Phosphated metal surfaces are not » 
he catall dissipated by ice se 
complex phosphate compound. As a 
and the entire job will be totally ineffective 

ud or acetic acid ‘vinegar) shall be su 

water rinse 


Outings un tha 

ction with the 

‘oating will not cure 

Therefore, hydrochior 
uted and followed by 4 


Treatment 


all be applied by spray or brush 
designated dried film thickness in accordanc 
SSPC-PA T) "Shop, Field and Maintenance Paintin 


Coat Application 


sh coat shall be applied by 
required dried film thi 
SSPC-PA \-53T) “Shop, F 


Figure 4—Coating Application Procedures 
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that 


combinations normally would be 
used. 

These systems can be expanded or 
diminished at will and new systems can 


be made up to meet special requirements. 


Recommended by Engineer 

Use of the systems is generally recom- 
mended to the painting force by either 
the corrosion engineer or other person 
responsible for painting. When a coating 
system has been stipulated this informa- 
tion is included on the drawings. 

The purchasing department or the 
plant may select materials of any sup- 
plier depending upon location and com- 
petitive prices. It usually is stipulated 
that the primer be purchased from the 
same supplier as the finish coat. 

Different quantities of paint usually are 
required in painting new steel as con- 
trasted to rusted steel, Also, the quan- 
tities of paint usually will be different 
depending on whether application is by 
spray or brush. Therefore, if the esti- 
mator knows how the paint will be ap- 
plied, he will be able to arrive at a fairly 
accurate estimate of the number of gal- 
lons required. 

Application specifications or estimates 
are provided for each generic type of 
coating used. 


In Figure 3 a short description is given 
the contractor of what oil and epoxy 
catalyzed coatings for metal are and a 
general standard for metal coverage and 
thinners is itemized. Surface prepara- 
tion already has been designated in the 
system’s second letter. Structural Steel 
-ainting Council Surface Preparation 
Specifications are used throughout for 
simplicity and availability. 

Therefore, if the method designated for 
surface preparation is mechanical clean- 
ing, the SSPC specification for mechan- 
ical cleaning would be attached. If the 
metal to be painted is an existing job, 
which has been painted previously, the 
contractor shall clean all rusted areas 
and prime and in addition, remove any 
dirt, oil, grease and chalking paint which 
may be on the balance of the job, before 
top coating. 

Figure 4 gives data on application pro- 
cedure for oil and catalyzed epoxy coat- 
ings while Figure 5 gives general instruc- 
tions on coating application and the 
method used to check film thickness. 

In order to keep abreast of improved 
paints a testing program is conducted. 
When a new supplier contacts the pur- 
chasing department he is requested to 
fill out a confidential data sheet. 


Data Sheet Is Confidential 
A new type of confidential data sheet 
was adopted recently which is acceptable 
to all suppliers. This. requires only perti- 


1 Specifications 
1.1 All "SSPC specifications" referred to in these standards are available from the 


"See! Structures Painting Counctl, 4400 Fifth Avenue, Pittsburgh 13, Pa.", 
or Diamond Alkali Co. 


Coating Application 


2.1 Application of all coatings shall be in strict accordance with the suppliers 
printed instructions. When conflict exists between the suppliers’ instructions 
and these standards, these standards shall govern. 


‘Thinning of the costing shall be held to a minimum to obtain the required 
dried film mil thickness per coat. 


Mixtog of coatings shall be on a mechanical paint mixer where possible. Y > 
not, hand stirring and boxing tn clean containers shall be done to obtain the 
same state of homogeneity, that it had when tt left the manufacturing point 


2.4 Coating application shall be uniform and free of runs and sags. 


Film Thickness 

3.1 The dried film mil thicknews on tron and steel shall be checked with an 
Eloometer magnetic thickness gage, available from Ferro Corp., Cleveland. 
Ohio 


3.1.1 The Elcometer shall be zero'd on the cleaned metal using either 
the .001" or .002" shim under the gage. 


Dried film thickness may be checked using either the .001" or 
.002" shim under the gage to prevent denting the coating. 


Coating thickness on thin metals or closer than 1/2" to the edge 
of the metal shall be checked with a standard micrometer or 
micrometer depth gage as required. 

Porosity 


4.1 All meta! surfaces with a dried film thickness of 5 mils or greater shal 
be pore free when checked with « Tinker-Rasor Detector M-1 


3 Non-Metallic Surfaces 


5.1 A dried {tlm thickness of 2 mils shal! constitute complete coverage of the 
underlying surface 


6 Inspection 


4.1 All work shal! be tnapected by the Corrosion Eng‘ases or qual'fied supervisor 


Figure 5—General Coating Procedure 


NOMINAL COMPOSITION 


Thinner 


For Spraying - Normal _ 
For Brushing - Normal 


ost Per Gallon in Ones 


Figure 6—Coating Composition Data Sheet 


nent information believed necessary to 
determine if the coating meets the pig- 
ment and solids content restrictions. 

Data on percentage by weight makes it 
easier to check the relation of solids 
content to the cost per mil of thickness 
by nomograph. After these data sheets 
are received, the committee screens them 
for cost per mil thickness and places 
them for testing in their generic type. 

An interesting discovery made while 
developing these standards was that 
while much paint testing had been done 
to determine the best coating for an area, 
results still did not permit ready com- 
parison of coatings of the same generic 
type. So, generic types are now being 
tested against each other, i.e., oils will 
be tested against oils and vinyls against 
vinyls, mastics against mastics, to de- 
termine which supplier’s material is su- 
perior. When a material is shown to be 
superior to those already in the standard, 
it will then replace a like material or be 
added to them. 





Save up to 20 per cent in laying costs on large- 
diameter pipelines. Spray—coat pipe with Copon 
Arocoat before installation. Then, haul it, stack it, 
bend it and lay it with little more care than you 
would use for bare pipe. Tough Copon Arocoat 
coatings will survive these operations without chip- 
ping or cracking, and Copon Arocoat can be applied 
to welds with an ordinary paint brush. 


A combination of epoxy and coal tar resins, Copon 


Arocoat coatings provide superior corrosion control. 
They will not deteriorate in the ground... remain 
tough and elastic...and are unaffected by tempera- 
ture extremes. Successful applications include sub- 
merged, buried and exposed transmission lines. 


Get complete information on Copon Arocoat, in- 
dustry’s newest weapon in the fight against rising 
costs of corrosion. Write today to the Copon Asso- 
ciate located nearest to your city. 


COPON ASSOCIATES 


INDUSTRIAL PAINT MANUFACTURING CO. 
P.O. Box 2371, Birmingham 1, Alabama 


E & F KING AND COMPANY, INCORPORATED 
640 Pleasant Street, Norwood, Mass 


KOHLER-McLISTER PAINT CO. 
P.O. Box 546, Denver 1, Colo 


McDOUGALL-BUTLER CO., INC. 
2929 Main St., Buffalo 14, New York 


MULSYN PAINT & CHEMICALS 
64-70 Hanover Street 
Fitzroy, N. 6, Melbourne, Aust. 


JAMES B. SIPE and COMPANY, INC. 
P.O. Box 8010, Pittsburgh 16, Pa 


WILBUR & WILLIAMS COMPANY 
130 Lincoln Street, Boston 35, Mass. 


BENNETT’S 
65 W. First South St., Salt Lake City, Utah 


WALTER N. BOYSEN CO. 
42nd and Linden Sts., Oakland 8, Calif. 
2309 E. 15th St., Los Angeles, Calif. 


BRITISH AMERICA PAINT CO., LTD. 
P.O. Box 70, Victoria, B. C., Canada 


BROOKLYN PAINT & VARNISH CO., INC. 
50 Jay Street, Brooklyn 1, N. Y. 


COAST PAINT & LACQUER CO 
P. O. Box 1113, Houston 1, Texas 


COAST PAINT & LACQUER De MEXICO, S. A. 
Apartado Postal No. 9637, Mexico, D. F. 


ENTERPRISE PAINT MANUFACTURING CO. 
2841 S. Ashland Ave., Chicago 8, Ill. 


FOR CORROSION CONTROL 





CORROSION—NATIONAL ASSOCIATION OF CORROSION ENGINEERS Vol. 14 


Figure 1—Water well rig set-up ready to 
spud in. 


Figure 2—Four-inch surface casing as drilling 

mud is circulated out the top where cuttings 

samples are taken for determination of resistiv- 
ity trend. 


Figure 3—Anode pigtail attached to header 
cable. 


Figure 4—Anodes and header wires insulated 
for protection. 


Figure 5—Anodes being attached to 1” pipe. 


Figure 6—Notched fitting on top of casing to 
eliminate header wire damage. 


Figure 7—Swivel connection pumping water 
slurry of coke breeze to bottom of hole. 


1-Ohm Resistance in Ground Beds 


N a distribution system, where elec- 

trical power for rectifiers cost 4 cents 
per kilowatt hour and current require- 
ments are high, it is necessary to locate 
the lowest possible ground resistance for 
the installation of cathodic protection 
ground beds. When resistances of low 
order are to be found only in close 
proximity to other structures or at 
depths of from 150 to 450 feet it is 
necessary to develop an economical 


% A paper by Joe F. Tatum, Willmut Gas & 
il Co., Hattiesburg, Miss, at the 14th Annual 
Conference, National sociation of Corro- 
sion Engineers, San Francisco, Cal., March 
17-21, 1958. 


means to install a reliable anode system 
at these depths. 

Willmut Gas and Oil Company, Inc., 
a distribution company serving 13,000 
customers in South Mississippi has de- 
veloped a method for installing and 
back-filling anode beds at these depths. 
To date three beds have been installed 
at depths from 290 to 350 feet with re- 
sulting resistances of one ohm to ground 
and lower. 

This article describes the manner in 
which these beds are installed. 


Introduction 
Original distribution systems of the 
company were installed in 1931 and 
1932. The systems are essentially bare, 
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Abstract 


A method is described for installing high 
silicon cast iron ground anodes and back- 
filling with coke breeze or graphite 350 
feet deep where power costs are high and 
where location or low resistance soil is 
hard to find. Resistances of one ohm to 
ground are obtainable readily by this 
method with soil resistances on the order 
of 2000 ohms per centimeter. Gas block- 
ing with a 10 to 20 ampere drain has not 
occurred in these installations in a year’s 
operation. 

Benefits such as improved current dis- 
tribution, low interference effect and in- 
stallation savings are discussed. Protec- 
tion is extended to approximately 40,000 
square feet of poorly coated pipe surface 
within a '™% mile radius of a, 








having been coated upon _ installation 
with a cold applied asphalt base paint. 
The pipe was cleaned with a wire brush 
before application and no attempt was 
made to remove grease and mill scale. 
This has resulted in very low paint ad- 
hesion. In 1946 the leakage ratio was 
8.48 percent of volume, leaks were being 
repaired but no provision was made for 
corrosion control. The first cathodic 
protection installations were made in 
1947 by the application of 17-lb. mag- 
nesium anodes at “hot spots”. Since 
that time the corrosion program has 
grown constantly and is coordinated 
with line repair with the results that 
when leaks are repaired, cathodic pro- 
tection is applied to reduce recurrence. 
The leak ratio has dropped to a point 
that savings in gas shrinkage alone have 
more than offset the entire cost of the 
corrosion control program. Leakage on 
the distribution systems in 1956 was re- 
duced to the low figure of .05 percent. 

In 1954 the first rectifier ground bed 
installations were made in the conven- 
tional manner after an exhaustive search 
for low resistance soil on the surface 
(in the area searched this means 3000 
to 1000 ohms per cc). Low resistance 
soils located were often in places im- 
mediately adjacent to neighboring struc- 
tures. Surveys indicated that the haz- 
ards of interference currents were so 
great that either it would be necessary 
to drain small amounts of current at 
many locations or a method would have 
to be developed to locate suitable ground 
beds at a remote distance from the 
foreign structures. 


Low Resistance Strata Located 


By investigation of water well logs 
and information from. well drillers it 
was ascertained that a low resistance 
clay stratum generally underlies the area 
at depths between 150 to 450 feet. To 
take advantage of this stratum the first 
deep ground bed was installed at 320 
feet using five 10-foot high silicon cast 
iron anodes. No back-filling was applied 
because it was thought to be impossible 
at these depths. This resulted in a 
ground bed with 2-ohm resistance to 
ground, not considered to be sufficiently 
low. 

To lower this resistance a method was 
developed to back-fill the anodes with 
coke breeze. This method has been used 
to install three ground beds at depths 
from 290 to 350 feet with resulting re- 
sistances 1 ohm to ground or less. 


Installation Method 


A water well rig was used to drill a 
6-inch hole using a regular Bentonite 
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drilling mud as a circulating medium. 
A 4-inch casing was inserted in the 
hole consisting of one joint to block 
surface water and prevent hole sluffing. 
Beneath this casing samples were taken 
of returned cuttings every 10 feet. The 
washed samples were put into a soil 
box and earth resistance trends were 
determined. This method of determin- 
ing soil resistance was inaccurate at 
best because of the dilution of the 
samples with drilling mud and other 
contaminants. Resistance varied from 
1500 to 1800 ohms and was believed to 
be less than the actual soil resistance. 
To get an idea of the effect of the con- 







the cause. 
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And Back-Filled at Depth of 350 Ft. 


taminants on the soil resistance three 
checks were made as indicated in 


Table 1. 


TABLE 1—vVariations of Resistance of Soil 


Saturated With Drilling Mud 
Ohms Per Centimeter 








Sheppard Rod Soil Box 








Reading Reading /|Soil Box Reading! 
BMG eC nk ase% 1,360 1,150 
Fass oa 2,920 814 
| ee 8,320 2,800 





1 Sample saturated with drilling mud. 
(Continued on Page 100) 











































33 WEST TEXAS OIL WELLS 
PROTECTED FROM EXTERNAL 
CASING CORROSION BY CSI 


Two casing leaks in West Texas oil wells cost this com- 
pany more than $25,000 each. External corrosion proved to be 







The company then decided to protect 33 of its other West 
Texas- wells cathodically. CSI was awarded the job on a com- 


CSI engineers—pioneers in well protection work—fur- 
nished all the engineering, labor, materials and equipment 
needed. Rectifiers were used as the applied current source. The 
job was done in 10 consecutive days for about $330 per well. 

You'll find it pays to call CSI for engineering, installation 
services or quality cathodic protection supplies. Call or write 
today—quotations or estimates without obligation. 








CORROSION SERVICES 


INCORPORATED 


Tulsa, Oklahoma 


Telephone: Circle 5-1351 
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Impressed Current— 


(Continued from Page 99) 


These checks showed the effect of 
contaminants in lowering the resistance 
as measured in the soil box. Drilling 
was continued until it became apparent 
that the main body of clay had been 
passed, provided this took place at be- 
low the 200-foot level. It was anticipated 
the hole could be drilled to a maximum 
depth of 500 feet. In all cases suitable 
clay strata were located above 350 feet 
but in no case was the clay strata 
homogeneous but broken periodically 
with streaks of sand and gravel. 


Anode Systems Described 
After maximum depth was reached, 
drilling mud was circulated through the 
hole until all caving had subsided and 
the hole was clean. Then ten 5-foot 
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silicon cast iron anodes were installed 
in each bed. They were connected alter- 
nately to each of two No. 4 poly- 
ethylene-polyvinyl wires. Bottoms and 
tops of the anodes were tapped to de- 
crease end erosion effect. Two wires 
and alternating tapping were used so 
that only half of the ground bed would 
be affected if one wire was damaged. 
After the anodes were strung they 
and the header wires were attached to 
a l-inch pipe which was lowered into 
the hole with the anodes. A 4-prong 
guard at the leading end of the pipe 
centered it in the hole. The end of the 
pipe was plugged with a_ bolt and 
washer tapped so it could be blown off 
with pump pressure. A spacing of 2 
feet between anodes ends was main- 
tained. The 1l-inch pipe threaded con- 
nections were made tight to the length 
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Diminishing Cost Ratio Favors Baked Pipe 
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T-1C Current Status of Corrosion Mitiga- 
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A Report of Technical Unit Committee T-1C 
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T-1C Field Practices for Controling Wa- 
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sion. A Report of Technical Unit Committee 
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Pub. No. 56-3, Per Copy $1.00. 
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Plastics. Per Copy $.50. 


T-1J Service Reports Given on Oil Field 

Plastic Pipe. Activities Report of 
T-1J on Oilfield Structural Plastics. Per 
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Per Copy $.50. 
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Procedure for Screening Corrosion 
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of the anode string (in the case of 10- 
foot anodes at 2-foot spacing this means 
60 feet) and at the end of this string of 
tight connections a long threaded coup- 
ling was left loose. All pipe joints above 
the loose coupling were made secure. 

The pipe and anodes were carefully 
lowered into the casing. A slotted pipe 
was used at the top of the casing to 
prevent damage to the header wires 
while lowering the anodes. When the 
anodes reached the bottom of the hole 
a slurry of coke breeze (which had 
previously been sifted through a regular 
household screen) and water was mixed 
in the mud pit and pumped through the 
swivel connected to the l-inch pipe. 
This slurry was pumped in until it 
flowed from the top of the hole. Then 
the pipe was unscrewed at the loose 
coupling and the excess was pulled and 
recovered for future use. The pipe 
served two purposes: To hold the 
anodes in approximate position until 
the settling of the backfill in the hole 
occurred and as a means of installing 
the backfill at the proper place. 

Immediately after installation these 
ground beds had a resistance to earth of 
2-21%4 ohms. This resistance gradually 
trended downward with time and 24 
hours later the anode-to-earth resistance 
had dropped to 1 ohm or less indicating 
the coke breeze back-fill was settling 
around the anodes. These ground beds 
have been in service for a year and 
there has been no evidence of gas block- 
age and no increase in anode-to-earth 
resistance. To finish the installation 
either a 10 or a 20 ampere oil-immersed 
rectifier was installed. Time _ polariza- 
tion and current potential studies show 
that one ground bed installed in this 
manner draining 10 amperes will pro- 
vide adequate protection to about 40,000 
square feet of poorly coated pipe sur- 
face within a %-mile radius under av- 
erage soil conditions. The amount of 
current throw obtained depends upon 
the longitudinal resistivity and contact 
resistance of the pipe drained. 

Extensive testing on foreign structures 
involved has failed to show any evi- 
dence of anodic interference. Although 
a cathodic gradient exists it apparently 
has negligible effect in that interference 
currents cannot be detected on the 
neighboring structures. 


Conclusions 


The following conclusions were drawn 
from these installations: 

1. Remoteness of the ground bed 
makes for efficient current distribution 
and remote locations in distribution sys- 
tems are often hard to obtain except 
by this method. 

2. Interference currents on neighbor- 
ing structures are generally reduced to 
a negligible value. 

3. With the ground bed underneath 
the pipe some of the most potentially 
corrosive areas are closest to the cur- 
rent source. 

4. Installation costs are no greater 
than for a conventional surface installa- 
tion. 

5. Engineering time is greatly reduced 
by eliminating the surface search for 
low resistivity soil. 

6. Ground beds can be placed at the 
center of an area to be drained rather 
than being dictated by the availability 
of suitable locations. 

7. No expense is involved in securing 
right-of-ways as the ground bed gen- 
erally can be placed directly below the 
pipe. 
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GOOoe = ALL eee 
BUILT, INSPECTED 
and TESTED 


fo give you the most 


EFFICIENT, 
DEPENDABLE 
RECTIFIER 


GOOD-ALL and CPS are your assurance 
of efficiency and dependability in recti- 
fiers. Your assurance is confirmed by the 
rigorous quality control procedures ap- 
plied to GOOD-ALL-built products: 

e Selenium plates checked for forward 
voltage drop, reverse current leakage. 

e Assembled stacks checked for for- 
ward voltage drop, reverse current — 
leakage. 

e Assembled stacks and Transformers 
high potential tested at 2000 volts 
to ground. 

In the final Assembly: 

¢ Rectifier assembly high potential 
tested at 2000 volts to ground. 

e All mechanical and electrical connec- 
tions checked for tightness. 

Wiring checked. 
Voltage at different taps checked 
with rectifier loaded; meter readings 
checked. 
Efficiency checked at rated output. 
For oil units, meter readings and ef- 
ficiency are rechecked after assembly 
is put in case. 
Built, inspected and tested by GOOD- 
ALL ... that’s why you know the rectifier 
you buy from CPS is designed for effi- 
ciency and dependability. 
For more information on GOOD-ALL 
Rectifiers, write 


CORPUS CHRISTI DENVER 
1620 South Brownlee (Golden) P. 0. Box 291 
TUlip 3-7264 CRestview 9-2215 


NEW ORLEANS ODESSA TULSA 
1627 Felicity 5425 Andrews Hwy. 4142 S. Peoria 
JAckson 2-7316 EMerson 6-6731 Riverside 2-7393 


rer-lialotol(ey DHrotection service 


P. O. Box 6387 Houston 6, Texas JAckson 2-5171 
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Along the new highways... 





ROSKOTE DOES THE JOB WITH SPEED! 


Fast drying that permits overcoating or wrap- 
ping in a half hour steps up the protective coating 
phase of new pipeline construction on the jobs 
where speed is essential — along the nation’s new 
network of highways. 

A good example is this 8000 foot stretch of new 
8” pipe along the new Southside Expressway in 
downtown Charleston, W. Va. It was installed 
recently for the United Fuel Gas Company by Saul 
and McCallister, Inc., of Yawkey, W. Va. 

This contractor found that two men, using the 
toskoter for application of Roskote 612 XM cold- 
applied pipe mastic, could keep pace nicely with the 
welders. The coating specifications called for over- 
the-ditch cleaning, two 15 mil applications of Ros- 
kote 30 minutes apart, followed immediately by 
wrapping with 15 lb. perforated asbestos pipeline 
felt. 

Roskote 612XM is a cold-applied, fast-drying pipe 
mastic of high electrical resistivity. Composed of 
high grade native pyrobitumens homogenized with 


Royston Laboratories, Inc. 
Box 112-C, Blawnox, 


Pittsburgh 38, Pa. 


quality aromatic solvents and inhibitive pigments, 
Roskote is also highly resistant to corrosion by 
acid, alkali and salt. It dries to a tack-free film in 
30 minutes or less. It is unaffected by temperature 
from sub-zero to 250°F. It will not oxidize, scale or 
check, and it bonds readily to previous coats of 
Loskote, coal tar or asphalt. 

Non-toxic and non-irritant, Roskote may be 
applied by brush, glove, spray or Roskoter. The 
latter is seen in use in the photograph. 

The Roskoter, one of the simplest means of coat- 
ing pipe known, is also the most effective. It actually 
“bathes” the pipe in mastic as an extra safeguard 
against pinholes and other coating irregularities. 
And it gets the undersurface and other hard-to-see 
spots, often missed. Coating with the Roskoter can 
usually be handled by one man. 

Roskote Cold-Applied Pipe Mastic enjoys the 
confidence of over 400 utilities and pipeline com- 
panies. For complete technical data and prices, 
write your nearest Royston office. 


BRANCH OFFICES IN ATLANTA, CHICAGO, HOUSTON, 
PHILADELPHIA, SAN DIEGO AND TULSA. WARE- 
HOUSED IN NORTHEAST, SOUTHEAST, NORTH 

CENTRAL AND SOUTH CENTRAL REGIONS. 


A LEADER IN THE FIELD OF INDUSTRIAL COATINGS FOR CORROSION CONTROL. 
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3. CHARACTERISTIC 
CORROSION PHENOMENA 





3.8 Miscellaneous Principles 





3.8.4, 4.3.2, 6.3.10 

Kinetic Study of the Corrosion of 
Nickel in Sulfuric Acid (Technical Re- 
port No. 20). CuHartes H. Pitt anp Mr- 
TON E. WapswortH. Institute for the 
Study of Rate Processes, Utah Univ., 
Project NR-051-192, Contract N7-onr- 
45103, Jan. 31, 1957, 24 pp. 

The corrosion of nickel in sulfuric 
acid solutions in the temperature range 
of 75 C to 125 C and from 0 to 600 psi 
partial oxygen pressure was investigated. 
The variation of rate as a function of 
agitation, time, acid concentration and 
partial pressure of oxygen was deter- 
mined. The rate was found to be linear 
over the range of time investigated un- 
der the experimental conditions of this 
study and varied directly with oxygen 
concentration. A systematic variation of 
acid concentrations using buffered solu- 
tions indicated a process in which the 
undissociated sulfuric acid molecule 
plays an important part. Calculation of 
the activation energy for the process 
gave a value of approximately 4 kcal 
for the rate of determining step. The 
rate determining step was considered to 
be the adsorption of oxygen on a site 
containing adsorbed sulfuric acid. (auth) 


—NSA. 13853 





3.8.4, 4.7, 6.4.2 

Electronographic Investigation of Ox- 
ide Film Forming on Liquid Aluminum 
and Its Alloys. (In Russian.) M. V. 
MattsEv, Yu. D. CuistyAKov AND M. I. 
Tsypin. Kalinin Moscow Inst. of Non- 
Ferrous Metals and Gold. Bull. Acad. 
Sct, USSR (Izvest. Akad. Nauk, 
S.S.S.R.), Physical Series, 20, 824-826 
(1956) July. 

Investigations were made of the oxide 
film Y-aluminum oxide forming in mol- 
ten high-purity 99.9% aluminum binary 
alloys: aluminum-copper, aluminum- 
magnesium, aluminum-zinc, aluminum- 
manganese, aluminum-silicon, aluminum- 
iron, and some more complex commer- 
cial aluminum alloys containing beryl- 
lium, lithium, magnesium, calcium and 
strontium. Nichrome rings were used to 
skim the film from the surface of the 
molten bath of aluminum and its alloys 
at 660, 670, 680, 690, 700, 800, 900, 1000 
and 1100 C. It was found that oxide 
films formed during concentrations of 
more chemically active metals (lithium, 
beryllium, magnesium, polonium and 
strontium) had a two-phase structure 
and depending on the nature of the ox- 
ides, the film of the base alloy became 
either stronger or weaker, thus, improv- 
ing or reducing the anticorrosion re- 
sistance of the alloy—NSA. 13919 





4. CORROSIVE ENVIRONMENTS 





4.2 Atmospheric 





4.2.1, 3.5.9 

Atmospheric Corrosion of Metals at 
Low Temperatures, (In Russian.) A. A. 
DycuKo AND K. A. Dycuxo. J. Applied 





ALL—The Abstract Bulletin, Aluminium Lab- 
oratories, Ltd., P. O. Box 84, Kingston, 
Ontario, Canada. 

ATS—Associated Technical Services Abstracts, 
Associated Technical Services, P. O, Box 
271, East Orange, New Jersey. 

AWWA—Journal, American Water Works As- 
sociation, Amer. Water Works Assoc., Inc., 
2 Park Ave., New York 16, New York. 

BL—Current Technical Literature, Bell Telephone 
Laboratories, 463 West St., New York 14, 
New York. 

BTR—Battelle Technical Review, Battelle Me- 
morial Institute, 505 King Ave., Columbus 
1, Ohio. 

CBEC—Centre Belge d'Etude de la Corrosion 
(CEBELCOR), 21 rue des Drapiers, Brussels, 
Belgium. 

CDCT—Boletin, Centro de Documentacion Cien- 
tifica y Tecnica, Plaza de Ia Ciudadela 6, 
Mexico 1, D. F. 

EL—Electroplating and Metal Finishing, 85 
Udney Park Road, Teddington, Middlesex, 
England. 

HB—Translations, Henry Brutcher, P. O. Box 
157, Altadena, California. 

11M—Transactions of The Indian Institute of 
Metals, 31 Chowringhee Rd., Calcutta 16, 
India. 

INCO—The International Nickel Co., Inc., 67 
Wall Street, New York 5, New York. 
JSPS—Japan Society for the Promotion of 
Science, Mr. Hayata Shigeno, Secretary, 
Committee of Preventing Corrosion, c/o 
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Ku, Tokyo, Japan. 

MA—Metallurgical Abstracts, Institute of 
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1, England. 
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Chem., USSR (Zhur. Prikladnoi 
mii), 30, 255-263 (1957) Feb. 

E fect of temperature on atmospheric 
corrosion. Critical temperature of —25 
C is found; below this point, the process 
of atmospheric corrosion is much slower. 


—BTR. 14300 


4.2.1, 5.9.4, 6.4.2 

Evolution of the Appearance of Anod- 
ized Aluminium Surfaces as a Function 
of Time and Attack by Various Atmos- 
pheres. (In French.) Francots FLustn. 
Rev. Aluminium, 34, No. 243, 525-530 
(1957) May. 

Some isolated cases of atmospheric at- 
tack on carpentry work, roofs and archi- 
tectural panels made of aluminum-sili- 
con-magnesium or aluminum-magnes- 
ium-silicon alloys and their causes are 
studied. The defects observed are classi- 
fied as stains, pitting and a white pow- 
dery deposit. It is said that if anodizing 
is carried out properly it provides satis- 


factory protection from weathering. 
—ALL. 14293 


4.2.3 

Dew-Point of Flue Gas and Flue Gas 
Corrosion. (In German.) W. Guz. 
Brennstoff-Warme-Kraft, 9, 118-125 
(1957) March—BTR. 14064 


4.2.3, 4.3.3, 5.8.2 

A Liquid Additive to Limit Oil Ash 
Corrosion. R. S. Norris. Corrosion, 13, 
No. 7, 123-124, 126 (1957) July. 

The problem of vanadium and sodium 
corrosion of fire side of boilers and of 
gas turbines and Diesel engines is re- 
viewed briefly and some explanation of 
the growing severity of the problem 
given. Elements of the theory whereby 
reduction of corrosion by increasing the 
melting temperature of oil ash residue 
are explained and some of the materials 
used for this purpose named, Advan- 
tages and efficiency of using an oil solu- 
ble aluminum salt inhibitor over inhibi- 
tors introduced as slurries are described 
and some experimental results tabu- 
lated. 14240 





4.3 Chemicals, Inorganic 





4.3.3, 4.2.3, 5.3.2 

Aluminum Coating on Stainless Steel. 
J. E. Srawtey. U. S. Naval Research 
L oer October, 1956, 41 pp. Avail- 
able from Office of Technical Services, 
U. S. Dept. of Commerce, Washington 
25, D. C. (Order PB 121487). 

Coatings of hot-dipped aluminum on 
Type 310 stainless steel did not impart 
substantially better resistance to fuel-ash 
constituents than the uncoated steel, it 
was determined by this research. Tests 
of the aluminum coatings were part of 
a continuing search for materials which 
will withstand corrosive attack of resid- 
ual fuel-oil ashes on Navy boilers and 
gas turbines. Although superior resist- 
ance had been predicted for the coatings, 
limited testing indicated that no useful 
protection was gained against contami- 
nation by vanadium pentoxide, the cor- 
rosive agent used in the tests. 13385 


4.3.6 

Progress Report on Corrosion Tests 
in UCl,. Donatp R. MasH. Tennessee 
Eastman Corp. U. S. Atomic Energy 
Comm. Pubn., AECD-4033, May 26, 
1945 (Declassified January 10, 1956), 13 
pp. Available from: Office of Technica) 
Services, Washington, D. 

The corrosion resistance of Hastelloy 
and various types of stainless steel to 
solid and vaporized UCl was deter- 


44a 











mined. Tests were run for 150 hours 
at 500 C and for 12 hours at 700 C. Pen- 
etration and weight loss were determinec 
and all samples were examined micro- 
scopically with and without a bend test. 
Hastelloy was found to be the most 
corrosion-resistant of the materials tested. 


—NSA. 13284 





4.4 Chemicals, Organic 





4.4.3, 4.6.4 

Some Aspects of the Corrosion Proc- 
esses of Iron, Copper and Aluminum in 
Ethylene Glycol Coolant Fluids. P. F. 
THOMPSON AND K. F. LorkinG. Corrosion, 
13, No. 8, 531t-535t (1957) August. 

The corrosion potentials of aluminum, 
iron and copper, the principal metals in 
coolant systems, were measured in gly- 
col-water solutions. The effect on the 
corrosion properties of these metals of 
the addition of triethanolamine phos- 
phate, formerly used as a corrosion in- 
hibitor in glycol coolants, was studied. 
It was shown that the copper ions pro- 
duced by corrosion of copper are stabil- 
ized by triethanolamine phosphate. The 
copper went into solution as a_ blue 
cuprammine complex, which remained 
stable until it reached iron or aluminum 
surfaces where it was deposited, caus- 
ing localized corrosion. 14006 


4.4.6, 3.5.11, 8.4.5 

High Velocity Corrosion Study in Or- 
ganic Media (Technical Report No. 54). 
K. R. BARKER AND J. W. MAUSTELLER. 
Mine Safety Appliances Co., Callery, 
Pennsylvania, Contract Nobs-65426, 
February 27, 1957, 31 pp. 

Corrosion tests in organic coolants 
were conducted in a pumped corrosion 
test loop designed for test exposures at 
four velocities, 0, 4, 9 and 27 ft/sec. Two 
30-day runs were completed using bi- 
phenyl coolant at a temperature of 800 
F and surge tank pressure of 300 psig. 
Samples of zirconium-7 wt.% uranium, 
Zircaloy 2, Zircaloy 3, hafnium, Type 
304 stainless steel, two Alcoa aluminum 
alloys and carbon steel were placed in 
the several velocity sections of the loop. 
Zirconium, zirconium alloys and_haf- 
nium were severely hydrided but the 
steels and aluminum alloys were rela- 
tively unaffected. The effect of velocity 
was apparent only in the zirconium and 
zirconium alloy results. Performance of 
the various components is discussed. 
(auth).—_NSA. 14149 


4.4.6, 7.5.5 

Corrosion in Light Oil Storage Tanks. 
E. H. Tanpy. Corrosion, 13, No. 7, 427t- 
432t (1957) July. 

The most important factors govern- 
ing corrosion rates in oil storage tanks 
are solubility of oxygen in the oil, rate 
of working, type of roof used, vapor 
pressure of the oil and location of the 
tank (climatic conditions.) Data are 
given to show the relationship between 
stocks contained in tanks versus corro- 
sion rate and size and location of tanks 
versus corrosion rate. A corrosion meé- 
chanism is considered briefly. Corrosion 
control measures discussed include gas 
blanketing, inhibitors, breathing systems 
and protective coatings. Other topics 
considered include corrosion below the 


liquid level, vapor space effects, tem- 
perature effects and plate thickness cor- 
rosion allowance. 13924 
4.4.7 


Investigation with Radioactive Indica- 
tors of the Reaction Mechanism of 
Thiophosphoro-Organic Additives to 
Oils. (In Russian.) G. V. VinoGRapov, 
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M. M. Kusaxov, P. I. Sanin, Yu. S. 
ZASLAVSKY, E. A. RAzuMovsKayA, A. V. 
Uv'IANnova AND D. V. RraBova. Khimiya i 
Tekhnologiya Topliva (Chemistry and 
Technology of Fuels), No. 6, 14-20 (1956) 
June. 

Antiwear properties of additives. Ef- 
fects of presence of phosphorus and sul- 


fur.—MR. 13704 





4.6 Water and Steam 





4.6.5, 6.4.2 

Aluminum Alloys for Handling High- 
Purity Water. W. W. BriNcerR and C. M. 
MarsTILLeR. Corrosion, 13, No. 9, 591t- 
596t (1957) Sept. 

Aluminum alloys have been used for 
more than 20 years for storage and dis- 
tribution systems handling distilled 
water. Recently, it became possible to 
investigate experience with some 30 dis- 
tilled water systems which had been in 
use for various periods of time up to 24 
years. Many of these systems had been 
made entirely of aluminum. Several 
were composed entirely of tinned copper 
or brass and others were made up of a 
combination of materials including 
aluminum. 

Results indicate that aluminum alloy 
storage tanks, tubing, fittings and valves 
are highly satisfactory for handling dis- 
tilled water and do not cause significant 
contamination of the water being han- 
dled. 

The increased use of the ion exchange 
method for purifying water has required 
equipment fabricated from materials in 
which such a water could be handled 
with a minimum of pick-up and dis- 
coloration. Since many processes require 
large quantities of a water of very low 
total solids content, it was natural to 
consider aluminum alloys for the fabri- 
cation of storage tanks and piping for 
handling demineralized water. 14191 


4.6.7, 5.4.8, 5.2.1 

Paints to be Simultaneously Applied 
with Cathodic Protection of Metal 
Structures Under Fresh Water. (In Jap- 
anese with English summary.) Masao 
GotopA and YasusuHr Sarto. J. Electro- 
chem. Soc., Japan, 25, No. 4, 208-213 
(1957) April. 

Combination of coating with cathodic 
protection is an effective way of protect- 
ing under-water structures. Since the 
paint coats under protective current are 
exposed to accelerated deterioration 
through cathodic reaction due to alkali 
formation and electroosmosis, the paints 
to be applied for this particular purpose 
should be especially water-proof, alkali- 
resistant and highly adhesive. 

There are a considerable number of 
studies reported on such paints for sea- 
water use, but very few are to be found 
for fresh-water use. Some ten kinds of 
paints were put to test in order to 
choose the most suitable one to be used 
in combination with cathodic protection 
on hydraulic power station structures 
and drinking-water receptacles on the 
train. Deterioration test was made in 
tap water under protective current. 
Then the potential distribution on the 
surface of a coated steel piece attached 
with magnesium anode was measured 
and the results were examined for their 
relation to the conditions of paint coat. 

Test procedures and results are given. 

Included in the tests were oil-soluble 
type, bituminous, coumarone-indene 
resin, polyvinyl chloride and chlorinated 
rubber paints.—JSPS. 14181 
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from your cathodic protection equipment supplier 


TRADE-MARK 


You can buy low cost, long life “National” 
graphite anodes from a highly qualified local 
organization equipped to supply all your 
cathodic protection requirements. Techni- 
cally trained, experienced personnel backed 
by complete lines of accessory equipment 


The terms ‘‘National’’ and ‘‘Union Carbide”’ are registered trade-marks 


CORROSION 


ABSTRACTS 


TIONAL GRAPHITE ANODES LOCALLY — 


assure you prompt and efficient service on 
every job. A call to your local cathodic 
protection equipment supplier will pay big 
dividends on your next “National” graphite 
anode order...and he’s only’as far away 
as your telephone. 


UNION 
CARBIDE 


of Union Carbide Corporation 


NATIONAL CARBON COMPANY . Division of Union Carbide Corporation - 30 East 42nd Street, New York 17, N.Y. 
SALES OFFICES: Atlanta, Chicago, Dallas, Kansas City, Los Angeles, New York, Pittsburgh, San Francisco « IN CANADA: Union Carbide Canada Limited, Toronto 
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4.7 Metallurgical Effects 


4.7, 2.3.4 . 
Corrosion and Metal Transport in 
Fused Sodium Hydroxide. Part I. Ex- 
perimental Procedures. G. Pepro SMITH, 
M. E. Sreiitz and E. E. HorrMan. Cor- 
rosion, 13, No. 9, 561t-564t (1957) Sept. 
Experimental techniques are described 
for studying corrosive reactions and 
metal transport in fused sodium_hy- 
droxide at temperatures up to 815 C. 
The apparatus described is designed for 
small-scale testing. 
Some of the factors which previous 
research has shown to be of importance 
in the design of fused hydroxide corro- 
sion tests are reviewed. Test methods 
discussed include the capsule, cold finger 
and controlled-atmosphere test techniques. 


14198 


4.7, 6.3.10 , 

Corrosion and Metal Transport in 
Fused Sodium Hydroxide. Part II. Cor- 
rosion of Nickel-Molybdenum-Iron Al- 
loys. G. Pepro SmitH and EuGeNe FE. 
HorrMan. Corrosion, 13, No. 10, 627t- 
630t (1957) October. ' 

Studies were made of the corrosion 
by fused sodium hydroxide of nickel- 
rich alloys whose constituents were 
nickel, molybdenum and iron exposed at 
815 C for 100 hours. The reaction mech- 
anism was found to involve the selective 
removal of iron and molybdenum from 
solid solution with nickel and a resultant 
formation of subsurface porosity. In 
most cases this porosity was shown to 
occur in the form of elongated pits which 
frequently followed tortuous paths and 
intersected to form a maze of subsurface 
channels. 

Alloys of nickel, molybdenum and iron 
containing at least 70 percent nickel 
showed more resistance to corrosion by 
sodium hydroxide melts at 815 C than 
any other alloys tested. 14260 


4.7, 8.4.5 

Activity Transport in Sodium-Cooled 
Systems, Frep G. Haac. Knolls Atomic 
Power Lab. Nucleonics, 15, No. 2, 58-61 
(1957) Feb. 

An experiment is described in which 
the transfer rates of Co,” Mn,™ Ta,™ 
Fe” and Cr“ from stainless steel by 
liquid sodium are determined. The effect 
of temperature, oxygen concentration 
and various inhibitors is reported.— 
NSA. 13906 


4.7, 8.4.5 

Alplaus Surveillance Program. Prog- 
ress Report No. 2. E. G. BrusuH. Knolls 
Atomic Power Lab. U. S. Atomic En- 
ergy Comm., Pubn., KAPL-M-EGB-4, 
August 29, 1952 (Changed from Official 
Use Only June 26, 1956), 9 pp. Avail- 
able from Office of Technical Services, 
Washington, D. C. 


Type 347 stainless steel and L nickel, 
considered as construction materials in 
the Alplaus heat-transfer system, were 
placed in the system to determine their 
corrosion resistance to liquid sodium 
and Nak. The specimens were very re- 
sistant to attack by sodium at 950 F and 
NaK at 850 F. There was no evidence 
of mass transfer between the stainless 
steel and nickel specimens. No transfer 
of mass from the hot to the cold zones 
occurred in one year.—NSA, 13940 


4.7, 3.4.9, 8.4.5, 3.8.4 

The Reaction of Molten Uranium and 
Zirconium Alloys with Water. (Interim 
Summary Report from March 15, 1955 
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through March 15, 1956). H. M. Hicerns. 
Aerojet General Corp. U. S. Atomic 
Energy Comm. Pubn., AGC-AE-17 
(AGC-2914-2), April 30, 1956 (Declas- 
sified January 15, 1957), 48 pp. Available 
from Office of Technical Services, Wash- 
ington, D. C. 

The molten metals uranium and alumi- 
num and alloys of molybdenum-uranium, 
uranium-zirconium and Zircaloy-B were 
dispersed in water in order to determine 
if the reaction of these materials would 
go to completion and if the reactions 
were explosive in character. Test data 
substantiated predictions based on theory 
that droplet size and metal temperature 
were important factors in determining 
the extent and violence of the reactions. 
Zirconium-base alloys were found to re- 
act violently under certain conditions, 
whereas uranium and uranium alloys re- 
acted less violently under the same con- 
ditions. Small percentages of beryllium 
were added to Zircaloy-B in an effort to 
reduce its activity. This effort was suc- 
cessful in that several of the resulting 
alloys were less reactive. (auth).—NSA. 

13751 


4.7, 6.3.6 

Solution-Rate Studies with Liquid 
Metals: Solution of Copper in Liquid 
Lead and Bismuth, A. G. Warp Anp J. W. 
Taytor. J. Inst. Metals, 85, No. 4, 145-152 
(1956). 

A study has been made of the kinetics 
of the dissolution of solid copper in liquid 
lead and bismuth under nominally static 
and isothermal conditions, at tempera- 
tures in the range 360-510 C. The dis- 
solution followed an expression of the 
form ne=no (1 — exp [—(KSt)/V]), 
where nt=—concentration of dissolved 
solute at time t, no = saturation, S = sur- 
face area of solid exposed to a liquid of 
volume V, and K=solution-rate con- 
stant. The solution-rate constant in the 
bismuth/copper system was about three 
times greater than that for lead/copper 
at any one temperature. The solution- 
rate constant varied with temperature 
thus: K=K, exp(—AE/RT), where 
AE-=— the activation energy for the dis- 
solution process. The experimental data 
appear consistent with dissolution being 
a complex process involving diffusion of 
solute through a laminar boundary-layer 
combined with convection effects intro- 
duced through d changes accompanying 
dissolution. From a general relationship 
between (nt/no) and (t/t.) it is possible 
to construct concentration/time relation- 
ships, knowing only the saturation con- 
centration and the time to reach satura- 


tion. (auth.)—MA. 13745 


4.7, 6.3.10 

Examination of Inconel-316 Stainless 
Steel-Sodium Pump Loops 4689-5 and 
4689-6. G. M. ADAMSON AND R. S. Crouse. 
Oak Ridge National Lab. U. S. Atomic 
Energy Comm. Pubn., CF-55-6-24, June 
2, 1955 (Declassified April 4, 1956), 12 pp. 
Available from Office of Technical Sery- 
ices, Washington, D. C. 

The findings of a metallographic ex- 
amination of the loops confirm the fact 
that excessive mass transfer occurs in 
Inconel pump loops in which sodium is 
circulated at 1500 F. The use of 316 stain- 
less steel in the cold leg of the loops does 
not appear to increase mass transfer.— 
NSA. 13568 


4.7, 8.4.5 

Problems of Liquid-Metal-Fuelled Re- 
actors, B. R. T. Frost. Atomic Energy 
Research Establishment, Harwell, Berks, 


OF CORROSION 


ENGINEERS Vol. 14 


mage Nuclear Eng., 1, 373-377 (1956) 
ec. 

The problems associated with bismuth 
circuits are not so well understood as 
those involving sodium. Suggested bis- 
muth LMFR systems are discussed with 
reference to mass transfer, penetration 
and corrosion of graphite and suitability 
and corrosion behavior of constructional 


materials. (auth).—NSA. 13580 


4.8 

The Recent History of Corrosion in 
Metal Used for Internal Fixation. W. H. 
CaTER AND J. H. Hicks. Lancet, 171, 871- 
873 (1956) October 27. 

Investigation into causes of corrosion, 
particularly gross pitting, in stainless 
steel components used in pinning of frac- 
tures at Birmingham Accident Hospital. 
Cause was traced to substitution, by sup- 
plier, of En. 58M high-manganese 18/8 
for En. 58E 18/8 steel for screws which, 
in contact with the En. 58E, have high 
corrosion rate. Substitution of 18/8 
molybdenum steels or Vitallium over- 
came corrosive effects. Only these last 2 
materials should be used, pending further 
investigations. Note is given on investi- 
gation into materials involved in stock 
of hospitals for treating fractures by 
pinning, disclosing extensive reserves of 
unsuitable materials, such as mild steel 
and chromium steel. Short description of 
suitable spot-testing techniques to dif- 
ferentiate suitable materials is given.— 


INCO. 13605 


4.8, 5.6.3, 6.4.2 

Corrosion of Aluminum in Contact 
with Paper. T. H. ANGEL. World’s Paper 
Trade Rev., 1956, 1013-1014, May 17. 

Allowable chloride and water-soluble 
sulfate at 7% paper “moisture given as 
0.1% chlorine, 0.2% SO., maximum pH 
5 in contact with annealed commercial- 
purity aluminum foil. Moisture gradent 
in thick paper with accumulation of 
moisture in contact with aluminum may 
cause corrosion. Surface of freshly- 
annealed aluminum (which is hydro- 
philic) becomes hydrophobic in contact 
with paper.—BNF. 13957 


5. PREVENTIVE MEASURES 
5.2 Cathodic Protection 


5.2.2, 4.6.11 

Zinc Anodes for Use in Sea Water. 
J. T. CRENNELL AND W. C. G. WHEELER. 
J. Applied Chem., 6, Pt. 10, 415-421 (1956) 
Oct. 

Investigation of failure of zinc anodes 
in sea water showed that presence of 
iron in excess of a few parts per million 
is the cause and that no other common 
impurity is important. While zinc of low 
iron content is available, difficulty is 
experienced in large scale production of 
uncontaminated anodes. Small additions 
of aluminum to zinc containing 200 ppm 
of iron produce permanently active 
anodes, Alloying additions refine grain 
size of metal and give a smooth cor- 
rosion pattern. Graphs, tables.—INCO. 


13523 
5.2.2, 8.9.5 
Shipboard Evaluation of Zinc Gal- 
vanic Anodes Showing the Effect of 
Iron, Aluminum and Cadmium on Anode 
Performance. E. C. REICHARD AND T. J. 
LENNOX, Jr. Corrosion, 13, No. 6, 410t- 
416t (1957) June. 
A commercial zinc anode with de- 
sirable long term galvanic performance 
characteristics has been developed. 
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Another repair idea 


~ 


Cut out damaged section of pipe and 
cut new section slightly shorter than 
the gap. 


from DRESSER: 


CORROSION ABSTRACTS 


Fast, easy way to replace damaged pipe sections! 


“‘Sleeve-in’’ new section of pipe with 
dependable Dresser Couplings. (Note: 
This same method can be used for 
main cleaning, setting tees and valves.) 


The DRESSER Way Is the Sure Way! 


The way to get out of a spot like this is with 
Dresser Couplings and the “sleeve-in’”’ method de- 
scribed above. It’s a quick but permanent repair. 


For other tough repair jobs, Dresser Couplings 
make them easier and faster. Like making con- 
nections under water or in foul weather. Or for 
working in close quarters as in filtration plants 
and pump houses. And where joints must be 
dismantled when equipment needs servicing. 


Dresser Couplings speed pipe extension work, 
too. Pipe sections need not be in perfect align- 





DRESSER: 


ment. Just put the couplings in place and draw 
up the bolts. A wrench is the only tool needed. 
Takes only two man-minutes per bolt. 


Better stock-pile a supply of these handy 
couplings. Have them on hand for connecting 
bridge lines, stream crossings, setting hydrants 
and pumps, laying large diameter service lines, 
and for temporary piping. 


Your local water works supplier or distributor 
can give you full details and fast delivery. See 
him today. 


Dresser Manufacturing Division, 69 Fisher Ave., 
Bradford, Pa. Warehouses in: Houston, Texas; 
San Francisco, California. in Canada: 
Toronto, Ontario. 
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Aluminum plus cadmium added to zinc 
has produced this improved anode. 

The tolerance for iron in zinc anodes 
has been increased by the aluminum 
plus cadmium addition. Less adherent 
corrosion products and uniform anode 
attrition also have been achieved with- 
out adverse effects on anode current 
efficiency. Improved zinc anode _per- 
formance obtained with the aluminum 
plus cadmium addition is independent 
of anode current density or electrolyte 
temperature. 

In the absence of other constituents, 
controlling the iron content at 0.0014 
percent does not give a zinc anode with 
optimum galvanic properties. Best per- 
formance is obtained when the iron 
content is on the order of 0.0002 percent. 


Barrier shields serve no useful pur- 
pose on the faying surface of zinc 
anodes installed on steel ship hulls. 

Long term performance tests on 5 
active ships and quiescent marine ex- 
posures, using commercial size zinc 
anodes, provide the basis for these con- 
clusions. 13729 


5.2.2, 8.9.5, 4.6.11 

Cathodic Protection of an Active Ship 
Using Zinc Anodes. H. S. PREISER AND 
B. H. Tytevt. J. Am. Soc. Naval Engs., 
68, 701-704 (1956) Nov. 

The article reports a test on the 
effectiveness of zinc anodes, containing 
less than 0.0014% of iron, in protecting 
the hull of a well-painted tug operating 
in salt water. Potential readings were 
taken at weekly intervals and, unlike 
the values obtained with less pure zinc, 
were found not to decrease with time. 
After 15 months the paint film on the 
tug’s bottom was in excellent condition 
and there was no corrosion. Only 20% 
of the zinc had been consumed and 
negligible amounts of corrosion prod- 
ucts were found on the zinc anodes.— 


ZDA. 13685 


52.2 

Some Considerations on the Proper- 
ties of Aluminum-Zinc Alloys as a Gal- 
vanic Anode for Cathodic Protection. 
(In Japanese.) M. MaAepba. Corrosion En- 
gineering 6, No. 3, 33-35 (1957) May. 

Some properties of aluminum-zinc al- 
loys as a galvanic anode for cathodic 
protection were considered, Aluminum- 
zine alloys containing 2, 3, 4, 5, 10 and 
15 wt percent zinc were tested. Micro- 
scopic structures were observed and 
electrode potential, corrosion rate and 
anodic polarization in 3% sodium chlo- 
ride solution were measured. Further- 
more, the corrosion rate of zinc was 
measured when coupled with aluminum- 
zinc alloys in the same solution. 


Results: (1) Electrode potential be- 
comes more negative with increasing zinc 
content and that of alloys containing more 
than 5% zinc is —0.95 V with respect to 
the saturated calomel electrode. (2) Cor- 
rosion rate of alloys containing less than 
5% zinc is nearly equal to that of pure 
aluminum. (3) Aluminum-zine alloys ac- 
celerate the corrosion of zinc when cou- 
pled together in 3% sodium chloride solu- 
tion and the corrosion rate of zinc in- 
creases by a few percent in comparison 
with self corrosion. (4) Anodic polariza- 
tion curve of aluminum-5% zinc alloy has 
an inflexion at the current density of 11 
mA/dm?.—JSPS. 14221 


S22 

Characteristics of the Swedish Iron 
for Galvanic Anode on Ship Hull Pro- 
tection: Technical Note, (In Japanese.) 
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Yukio SAKAE and KICHIRO ONIMURA. J. 
Electrochem. Soc., Japan, 25, No. 4, 214- 
217 (1957) April. 

Characteristics of Swedish iron (or 
low carbon steel) as galvanic anodes for 
ship hull protection, such as electrode 
potential in 3% sodium chloride solu- 
tion, anode currents and polarization 
characteristics in contact with mild steel 
and corrosion resistance, etc., were studied. 


Anode materials employed in the ex- 
periments are 99.9% up zinc anode, 
98.5% up zine anode, Swedish iron straps 
(C 0.02% and 0.04%, aluminized low 
carbon steel and aluminum anode. 


Results: (1) Electrode potential (re- 
ferred to 3.3N calomel electrode) in 3% 
sodium chloride solution has been meas- 
ured —0.6 volt (Swedish iron straps) 
—0.93 ~ —1.0 volt (aluminized steel), 
—1.10~—1.15 volt (various zinc 
anodes) and —0.54 ~ —0.58 volt (mild 
steel), so Swedish iron straps were 
slightly less noble than mild steel. (2) 
Corrosion loss of Swedish iron straps 
was nearly equal to that of the mild 
steel plate. (3) Polarization characteris- 
tics were not considered accurately as 
anodic polarization. (4) Aluminized 
steel or aluminum anodes were inade- 
quate as galvanic anodes, because the 
polarized potentials were often more 
noble than those of mild steel in sea 
water or in sodium chloride solution. 
Therefore, the protective effects were 
considered very unreliable. 

It is concluded that Swedish iron straps 
are not suitable as ship hull protectors as 
compared with zinc anodes. So the use 
of high purity zinc protectors for ca- 
thodic protection of ship hulls is pre- 
ferred.—JSPS. 14203 


5.2.3, 8.9.3 

Cathodic Protection of a Semi-Marine 
Pipeline System. B. J. Wuit-ey, Jr. Cor- 
rosion, 13, No. 8, 117-118 (1957) August. 

Methods of applying cathodic protec- 
tion systems and steps taken to polarize 
a three-pipeline system of 10, 12 and 6- 
inch lines in salt water and marsh land 
are described. 14200 





5.3 Metallic Coatings 





5.3.4 
Developments in Tin and Tin Alloy 
Plating, 1946-1956. J. W. Price. Product 
Finishing, 9, No. 7, 135-142 (1956) July. 
Alkaline solutions; deposition of al- 
loys of tin with lead, copper, zinc, nickel 
and cadmium. 33 references.—BNF. 
13328 


5.3.4 

Reactions Between Chromium Chlo- 
rides and Iron at High Temperatures. 
(In Russian.) N. G. Ktyucunikov. J. 
Applied Chem., USSR (Zhur.  Priklad. 
Khim.), 29, No. 2, 161-165 (1956). 


Klyuchnikov has previously shown 
[Doklady Akad. Nauk. USSR, 74, 267 
(1950)] that the chromium taking part 
in the chromizing process is always 
present only in the divalent state; con- 
firmation of this has also been obtained 
by heating powdered chromium with 
chromic chloride in a quartz ampoule 
at 900 C for two hours; chromous chlo- 
ride was formed. On heating iron powder 
with chromic chloride a similar reaction 
took place, iron-chromium and chromous 
chloride being formed; evidently the re- 
action CrCl;-+ Fe = FeCl; + Cr does 
not occur during chromizing. Indeed in 
chromic chloride vapor iron is corroded 





and not coated with chromium; at 650- 
850 C the reaction 2CrCl; + Fe = FeCh 
+ 2CrClh takes place and it is only at 
higher temperatures that the corroded 
specimens become coated with chromium. 
Chromizing with chromous_ chloride 
proceeds satisfactorily only if oxygen 
and water vapor are completely absent; 
oxygen reacts with chromous chloride 
to give chromic oxide and _ chlorine, 
which corrodes the work. If chromizing 
were to be attributed solely to the reac- 
tion CrCl + Fe = FeCl + Cr, the 
difference in at. wt. of chromium and 
iron would result in the specimens los- 
ing weight during chromizing; in prac- 
tice there is an increase in weight. This 
must result from another reaction in 
which chromium is spontaneously de- 
posited without replacing iron atoms. 
This behavior was particularly marked 
in chromizing specimens previously coated 
with electrolytic iron or electrolytic 
chromium and can thus be explained by 
reaction with adsorbed hydrogen. When 
chromizing occurs by exchange of chro- 
mium and iron atoms, the dimensions of 
the specimens remain almost constant, 
but when chromium is added without 
exchange the dimensions increase. Ex- 
periments on the long-time chromizing 
of small iron plates. ~0.15-0.20 mm. 
thick, using iron-chromium, showed that 
the process was essentially an equaliza- 
tion of the chromium and iron concen- 
trations in the specimen and the iron- 
chromium.—MA. 13248 


5.3.4, 3.2.2 

Hydrogen Embrittlement in Steel in 
the Process of Electroplating. (In Swe- 
dish.) Uno Tragardh. Teknisk Tidskrift, 
86, 1051-1057 (1956) Dec. 4. 


Cathodic removal of grease; pickling; 
and electrolytic precipitation of zinc, 
cadmium, copper, tin and silver. Special 
notice given to the influence of hydro- 
gen absorption on the steel—MR. 

13720 


5.4 Non-Metallic Coatings 
and Paints 





5.4.5, 3.8.4 

Fundamental Studies on the Adhesion 
of Organic Materials to Metal Sub- 
strates. R. L. Patrick anp. W. A. 
VAUGHAN. Quantum Inc. U. S. Wright 
Air Development Center, Tech. Rept. 56- 
663, December, 1956, 86 pp. 


The controlling factors which influence 
the bonding of adhesives and _ protective 
coatings to metal surfaces were investi- 
gated. Model systems were prepared in 
order to examine the phenomenon of ad- 
hesion. Single interface models were pre- 
pared by depositing monolayers on suitable 
metal substrates. Weight is added as 
bulk polymer and is polymerized di- 
rectly onto the monolayer forming C-C 
bonds. The samples are ruptured in a 
modified ultracentrifuge and rupture- 
stress values are obtained. The results 
approximate pure tension values. By 
proper selection of substrates, it is pos- 
sible to examine the monolayer prior 
to rupture testing, An ellipsometer is 
utilized for this procedure. Following 
rupture testing, the monolayer is again 
examined to determine whether or not 
the monolayer in the interface is re- 
moved from the metal substrate. In no 
case has the monolayer been removed. 
Values from 0.1 to several times the 
original monolayer thickness have been 


observed. (auth.)—NSA. 14011 
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5.4.5, 3.8.4 

New Aspects of Polymer-to-Metal 
Bonding. N. Sruart. Plastics, 21, No. 
230, 308-311, 313 (1956). 

If copper or brass is held in contact 
with sulfurous material, a film of sul- 
fide is formed at a speed which varies 
from point to point according to the 
orientation of the microcrystals. Experi- 
ments are described in which rubber 
is vulcanized in contact with brass and 
pulled off. The sulfide film adheres to 
the rubber, leaving the brass clean. The 
film is then examined by interference 
microscopy, revealing a mosaic struc- 
ture of varying thickness. If a sulfide 
film is formed on a similar brass sur- 
face and a piece of adhesive cellulose 
tape is applied and pulled off, it is 
found that some sections of the mosaic 
are removed while others are left be- 
hind. Also, it is well known that two 
pieces of brass differently prepared 
(e.g., annealed or electro-deposited) will 
be indistinguishable by chemical or 
X-ray examination, but can have quite 
different properties of adhesion to rub- 
ber. It follows that the adhesion be- 
tween a sulfide film and a single brass 
crystal depends critically on the orien- 
tation of the exposed crystal surface. 
The possibility is suggested that certain 
polymers, which at present will not ad- 
here to metals, might in certain cases 
be made adhesive by the addition of a 
small percentage of sulfur, to produce 


a bonding layer at the interface—RPI. 
13921 


5.4.5, 5.9.2 

Use of the Radioactive Tracer Tech- 
nique in Aircraft Paints. A. L. Grass 
AND M. S. PELLEGRINI. Official Digest Fed- 
eration Paint and Varnish Production 
Clubs, 29, No. 384, 49-55 (1957) Jan. 

By a radioactive tracer technique 
using C* it was shown that a mono- 
molecular layer of stearic acid is not 
left behind after weathered paint films 
are stripped and the metal cleaned by 
procedures recommended for naval air- 
craft, ie, U. S. Specifications MIL-R- 
8633 (Aer) and MIL-C-6135 (Aer). The 
presence of aluminum stearate in a zinc 
chrome primer originally used had no 
effect on the adhesion of the subse- 
quently applied paint system. The rec- 
ommended paint stripper and cleaning 
procedure had no effect on the adhesion 
of the re-coat paint system. The inclu- 
sion of a wash primer before the zinc 
chrome primer improves the adhesion 
of the re-coat system.—RPI, 14275 


5.4.5, 6.6.8 

Epoxide Resins in Industrial Painting 
and Structural Protection. Corrosion 
Prevention & Control, 4, No. 3, (1957) 
March. 

Papers include: ‘Epikote Resin Based 
Coatings: A General Review’, D. ; 
Nicholson, ‘Epoxide Resin Based Fin- 
ishes for the Protection of Alkaline 
Building Materials’, H. R. Touchin, 
‘The Use of Epoxide Resin Based Coat- 
ings for Corrosion Prevention in a 
Chemical Refinery’, J. L. Francis, ‘Epox- 
ide Resin Based Cements’, ‘The Econ- 
omies of Painting’, R. N. Wheeler, 
‘The Protection of Structural Concrete’, 
P. B. Cormac.—INCO. 14116 


5.4.5, 8.9.3, 2.3.7 
_ Tentative Recommended Specifica- 
tions for Asphalt Type Protective Coat- 


ings for Underground Pipe Lines: 


Mastic Systems. Second Interim Report. 
NACE Technical Unit Committee T-2H 
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on Asphalt Type Pipe Coatings (A. S. 
Joy, Chairman). Corrosion, 13, No. 5, 
347t-350t (1957) May. ; 

Asphalt-type mastic systems for appli- 
cation to underground pipe lines are 
described, materials characteristics speci- 
fied and application methods and mini- 
mum satisfactory coatings indicated. 
Included among the recommendations 
are surface preparation criteria, priming 
methods, electrical inspection, pipe han- 
dling methods and maintenance. An ap- 
pendix details methods for testing both 
bond strength for primers and pipe line 
coatings themselves. 13844 
i a cia 


5.6 Packaging 


TS 


5.6.1 ’ 

Prevention of Corrosion in Packaging 
and Storage. The Selection of the Pack- 
aging Method. F. A. Paine. Paper_be- 
fore Soc. Chem. Ind., Symposium on Pre- 
vention of Corrosion in Packaging and 
Storage, Birmingham, April 11-12, 1956. 
Chemistry and Industry, No. 10, 288-291 
(1957) March 9. 

Discussion of factors which influence 
selection of packaging method for a 
metal item. Item should be designed to 
achieve best compromise between pro- 
duction and packaging and should be 
clean and free from contamination of 
all kinds before application of protective. 
Method of protection employed should 
be selected after taking into account 
sensitivity of item to corrosion, climatic 
and other hazards likely to be met dur- 
ing transit and length of period elapsing 
between packing and_ use. Packaging 
materials in immediate contact with 
packed item should be free from corro- 
sive substances and permissible amounts 
of these should be specified. Diagrams. 


NCO. 13849 


5.6.1 

Prevention and Corrosion in Packag- 
ing and Storage: The Control of Atmos- 
pheric Corrosion of Metals in Storage 
and Transit. E. L. Evans and E. G. 
Stroup. Paper before Soc. Chem. Ind., 
Symp. on Prevention of Corrosion in 
Packaging and Storage, Birmingham, 
April 11-12, 1956. Chemistry & Industry, 
No. 9, 242-248 (1957) March 2. 

In considering factors controlling at- 
mospheric corrosion, formation of pri- 
mary oxide film, critical humidity, break- 
down of primary oxide film at primary 
critical humidity and acceleration 
of corrosion at secondary critical hu- 
midity and promotion of corrosion by 
solid particles (corrosion products and 
contaminants) are discussed. Many ref- 
erences are made to corrosion of steel 
in sulfur dioxide and effect of humidity 
as determined by Vernon and by Skor- 
chelletti and Tukachinskii. Peculiar con- 
ditions leading to corrosion of metals in 
storage and in packages, such as con- 
taminants within package and conden- 
sation, are reviewed. Corrosion preven- 
tive measures include maintenance of 
cleanliness in factory, use of impervious 
wrappings and protective coatings, re- 
duction of humidity, elimination of vola- 
tile contaminants and use of contact and 
volatile corrosion inhibitors. 29 refer- 
ences.—INCO. 14081 





5.9 Surface Treatment 


Relationship Between the Anode Po- 
tential of Steel and the Composition of 
the Electrolyte in Electrochemical Pol- 
ishing. N. P. Fepor’ev anp S. Ya. GriL- 


50a 


NATIONAL ASSOCIATION OF CORROSION ENGINEERS 


IKHES. J. Applied Chem., USSR (Zhur. 
Priklad. Khim.), 30, No. 2, 233-239 
(1957). 

Anode potential as a function of cur- 
rent density is investigated for electro- 
lytes containing phosphoric acid, sul- 
furic acid and chromium trioxide at 
various temperatures and electrolyte 
compositions. 6 figures, 4 references.— 
ATS. Translation available: Associated 
Technical Services, P. O. Box 271, East 
Orange, New Jersey. 13778 


5.9.4, 6.3.6, 6.3.10 

Surface Condition and Anode Poten- 
tials of Copper and Nickel in Electro- 
chemical Polishing. N. P. Fepot’ev and 
S. Ya. Grivikues. J. Applied Chem. USSR 
(Zhur. Priklad. Khim.), 30, No. 4, 643- 
645 (1957). 

Experiment revealed the formation of 
passive oxide films. 1 table, 3 figures, 4 
references.—ATS, Translation available: 
Associated Technical Services, P. O. 
Box 271, East Orange, New Jersey. 

14304 
5.9.4, 6.3.13, 3.5.4 

Effect of Ultraviolet Irradiation on the 
Growth of Anodic Ta,O; Films. D. A. 
VeERMILYEA. J. Electrochem. Soc., 104, 
212-217 (1957) April. 

Ultraviolet irradiation during the 
growth of amorphous tantalum oxide 
hlms in aqueous solutions results in the 
transformation of the outer portion of 
the film from tantalum oxide to a ma- 
terial which dissolves more rapidly than 
tantalum oxide in hydrogen fluoride. If 
the formation field is high, the trans- 
formed region has a very high resis- 
tance and both tantalum and oxygen 
are mobile in the region. When the for- 
mation field is low, the region has a 
lower resistance, contains water which 
can be removed partially by heating the 
film in air and only oxygen is mobile. 


—MR. 14124 


5.9.4, 6.4.2 

Pseudo-Subgrain Structures on Alum- 
inium Surfaces. N. C. We su. J. Inst. 
Metals, 85, Pt. 4, 129-135 (1956) Dec. 

A number of workers have reported 
periodic markings of spacing about 0.ly 
on the surface of electropolished alumi- 
num and its alloys. The present investi- 
gation was made to explore the possibil- 
ity that the markings represent some 
regular incoherence in the grain struc- 
ture of the metal. High-purity annealed 
aluminum was electrolyzed under con- 
ditions ranging from electropolishing to 
heavy anodic oxidation. Electron micros- 
copy showed, in some cases, regular 
markings of diverse pattern and of spac- 
ing 0.03-0.34. The patterns varied ac- 
cording to the electrolyte, the conditions 
of electrolysis and the crystallography 
of the metal surface. In all cases the 
dominant factor controlling the surface 
morphology was the potential applied to 
the electrolyte cell. The spacing of the 
markings increased progressively as the 
potential increased, the upper limit be- 
ing set by breakdown of the anodic 
barrier layer. The changes of pattern 
and spacing and their dependence on 
the electric field are incompatible with 
the concept of a subgrain structure. The 
postulate is made that the markings 
originate from a micro-etch process act- 
ing through, and controlled by, a dis- 
perse anodic film. (auth)—ALL. 14025 


5.9.4,-6.4.4 

Surface Availability of Inhibitors in 
Protective Coating Systems. Pt. I. Di- 
chromate Treatment of Magnesium Sur- 
faces. MAx KroNsTEIN and JosePpH C, 


Vol. 14 


PetroriNno, Paint and Varnish Production, 
46, No. 12, 36-41 (1956) November. 

In the corrosion protection of metals 
it has been established that certain 
groups, such as chromate matter, have 
a delaying effect on the progress of 
corrosion. This paper is concerned with 
the effect of dichromate sealer treat- 
ments on pre-pickled FS-1 magnesium 
and shows that panels with this treat- 
ment and one subsequent coat of an 
organic coating resist the corrosive ex- 
posure in the saltfog chamber longer 
than without this treatment. The effect 
of the treatment is dependent also on 
the pH of the treating solution. 

That the treatment actually produces 
a chromium-based coating is shown by 
the X-ray spectrograph. That the coat- 
ing is capable of releasing soluble mat- 
ter is shown by pH measurements in 
distilled water in which these surfaces 
have been immersed for certain time 
intervals. The matter which enters the 
water solution, reacts with materials 
which are capable of forming colored 
chromate derivates and the progress of 
this chromate formation can be mea- 
sured by colorimetric methods. 

The rate.of the release of this soluble 
matter can be delayed by the applica- 
tion of a protective film of a clear lac- 
quer before the water immersion of the 
treated surfaces. —(auth). 14101 


5.9.4 

The Control of Anodic Oxide Coat- 
ings Using the ISML Resistometer. (In 
Italian.) A. Pratt. Alluminio, 25, No. 9, 
385-388 (1956) Sept. 

Using the ISML Resistometer author 
has studied the effect of alloy composi- 
tion on the breakdown voltage of the 
anodic coating. Suggests working limits 
for use in inspection procedure.—BNF. 


13306 





6. MATERIALS OF 
CONSTRUCTION 





6.2 Ferrous Metals and Alloys 





6.2.3, 1.6, 5.4.5 

Protective Painting of Structural Stee:. 
F. Fancutr anp J. C. Hupson. Book, 
1957, 102 pp. The MacMillan Company, 
60 Fifth Ave., New York 11, N.Y. 

A summary of British practice for 
protection of steel from atmospheric 
corrosion, essentially a revision and ex- 
pansion of an earlier work (Protective 
Painting of Structural Steel, Publ. 1941) 
prepared and published by the Protec- 
tive Coatings (Corrosion) Sub-Commit- 
tee of the British Iron and Steel Re- 
search Association. 

Contents include principles, surface 
preparation, choice of systems for new 
steel work, procedure, repainting of old 
steelwork, practical examples and spe- 
cial cases. Appendices cover some for- 
mulations and particulars regarding test 
sites. There is an alphabetical subject 
index. 13756 


6.2.3, 3.5.9, 3.2.2 

Effect of Temperature on the Fractur- 
ing Behavior of Mild Steel. J. D. Lu- 
BAHN. Gen. Elec. Co. Welding J., 35, No. 
11, 557s-568s (1956) Nov. 

Fracture properties observed at var- 
ious temperatures in 4-inch SAE 1020 
steel plate were: strength, energy-ab- 
sorbing capacity, ductility. (local plas- 
tic strain preceding crack initiation) and 
amount of gradual tearing preceding 
brittle crack propagation by cleavage. 
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Each property was measured for vari- 
ous temperatures, loading rates and bi- 
axialities for both notched and unnotched 
specimens cut in both rolled and thick- 
ness direction of plate. Above +150 C 
ductility, strength and energy-absorbing 
capacity are large and crack propagates 
by gradual fibrous tearing. Fibrous frac- 
ture disappears at +30 to —40 C and 
energy values are low. Ductility becomes 
very small at —100 to —180 C. Slow 
notch bend strength rises continuously 
with decreasing temperature to -—150 C 
and then drops slightly. Below —80 C, 
complete separation occurs when first 
crack appears. Notch bend ductility is 
same as biaxial unnotched bend ductil- 
ity at room temperature, but much less 
at —60 C to —120 C. Ductility in nor- 
mal direction is lower and more erratic 
than in rolling direction, but strengths 
are same except below —150 C. Transi- 
tion temperature in Charpy impact test 
is related to temperature range where 
metal is losing ability to tear, while 
transition temperature in  unnotched 
impact bend test is related to tempera- 
ture where metal is losing its ductility. 
Tables and graphs present data down 
to —200 C. 33 references.—INCO. 13687 





6.2.4, 3.7.2 

Effect of Nickel and Chromium Con- 
tents on the Weldability of High Ten- 
sile Manganese-Silicon Steels. Rept. 1. 
H. KruHara, H. Suzuki, H. Tamura, T. 
Opa, K. Mtyano AND Kk. TaziMa. Paper 
before Japan Welding Soc., Fall Mtg., 
1955. J. Japan Welding Soc., 25, No. 12 
688-695 (1956) Dec.; Library Abst. Bull. 
Japan, No, 3, VI-6 (1956) July-Dec. 


Fourteen experimental metals contain- 


ing 0.06-0.93 nickel and 0.03-0.91 chro- 
mium were added to 14 batches of the 
base metal containing 0.16 carbon, 1.10 


manganese and 0.45 silicon melted with 
high frequency induction furnace. Sam- 
ples were rolled into 20 mm plates to be 
tested. Four commercial heats were 
made also in basic open hearth furnace 
and rolled into the same form = and 
compared. For testing weldability, ten- 
sile, V-Charpy impact, weld-maximum 
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hardness, Jominy, Kommerell, Kinzel, 
slit-type cracking, CTS cracking, gas 
cut bend and fillet weld break tests were 
used. Tensile strength increases at a 
rate of 3 kg/mm’ with 1 nickel increase 
both in as rolled and normalized con- 
ditions, and at 3 kg/mm? in as rolled 
condition and 6 kg/mm?’ in as normal- 
ized condition with 1 chromium increase. 
Nickel increases the yield strength at 
4-5 kg/mm* per 1% of its increase while 
chromium showed no effect on yield 
strength. Energy transition temperature 
in V-Charpy test is lowered by nickel 
but raised by chromium. Effect of nickel 
or chromium on _ tensile and_ yield 
strengths is very little when the con- 
tent of nickel or chromium is limited 
under 0.25 and 0.10% _ respectively. 
However, the 15 ft-lb transition tem- 
perature seems to be lowered slightly 
and elongation increases appreciably 
when nickel and chromium contents are 
reduced extremely, while the energy or 
shear fracture transition temperature 


appears unaffected.—INCO, 13652 
6:24, 3.1.3 
Welding Test on Heat Resisting 


Chromium-Molybdenum Steel. Rept. I. 
T. Kawamura, I. OKAmorto, S. HAMADA 
snp Y. FuKuzono. Paper before Japan 
Welding Soc., Fall Mtg., 1955. J. Japan 
Welding Soc., 27, No. 7, 386-391 (1956) 
July; Library Abst. Bull., Japan, No. 3, 
VI-4 (1956) July-December. 

Various tests on welding of 4-6 
chromium-% molybdenum and 9 chro- 
mium-l molybdenum steels were con- 
ducted. Since chromium-molybdenum 
steels are extremely self-hardenable, it 
is necessary to preheat the steels at 400- 
600 F before subjected to welding and 
maintain same temperature during en- 
tire welding process. When welded with 
austenitic stainless steel electrodes semi- 
soft annealing is best, but with suitable 
electrodes of compatible composition, 
full annealing is recommended. Austen- 
itic stainless steel electrodes are inferior 
to the electrodes of compatible compo- 
sition in hardness, mechanical properties 
and micro-structure except in weldabil 
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ity. Occurrence of ferrite band was ob- 


served after heat treatment when the 
austenitic stainless steel electrode was 
used.—INCO. 13615 


6.2.4, 3.7.3 

Welding Test on Heat Resisting 
Chromium-Molybdenum Steel. Rept. II. 
T. Kawamura, I. OkAMmoto, S. HAMADA 
AND Y. FuKkuzono. Paper before Japan 
Welding Soc., Fall Mtg., 1955. J. Japan 
Welding Soc., 27, No. 8, 433-437 (1956) 
August; Library Abst. Bull., Japan, No. 
3, VI-5 (1956) July-December. 

To investigate boundary defects of 
these steels, authors tested high tem- 
perature tensile strength, temperature of 
ferrite band formation and corrosion re- 
s stance of the steels. In high tempera- 
ture tension test of 4-6 chromium-%4 
molybdenum steel welded with austeni- 
tic stainless steel electrodes, the break- 
down was observed at the weld metal 
in its welded condition but when it was 
semi-annealed the breakdown occurred 
at the base metal. In the 9 chromium-1 
molybdenum steel, the breakdown oc- 
curred at the base metal with any kind 
of electrode used or any kind of heat 
treatment applied. Ferrite band defect 
formed by heat treatment was observed 
in the room temperature test but not in 
the high temperature test. Formation of 
this band began at 500 C and the growth 
was made above that temperature. Cor- 
rosion resistance of the ferrite band was 
poor and corroded in boiling 5% sul- 
furic acid in 10 hours. It corroded even 


in as-welded condition —INCO. 13647 


6.2.4 


Properties and Weldability of High- 
Strength Pressure-Vessel Steels in 
Heavy Sections. J. H. Gross anp R. D. 
Stout. Paper before American Welding 
Society, Nat'l Fall Mtg., Cleveland, Octo- 
ber 8-12, 1956. Welding J., 36, No. 3, 
157s-167s (1957) March. 

Study of effects of plate thickness 
and of position in plate on mechanical 
properties and weldability of high- 
strength pressure vessel steels. Steels 
chosen for testing were A201 Grade A, 
A302 Grade B, Navy G _ (2.16-2.58 
nickel) and T-1 (0.84-0.87 nickel). Test- 
ing schedule permitted comparison of 
properties between 1l-inch plates and 4- 
inch plates and between locations with 
respect to width and thickness dimen- 
sion of 4-inch plate. Tables give results 
of tension tests for yield strength, ten- 
sile strength, elongation and reduction 
of area; V-notch Charpy tests of base 
metal for ductility and fracture transi- 
tion; cantilever beam fatigue tests for 
allowable strain range for 100,000 cycle 
fatigue life; Kinzel tests for transition 
temperature; and longitudinal bead-weld 
underbead cracking tests. Tables, pho- 
tomicrographs.—I NCO. 14161 





6.3 Non-Ferrous Metals 
and Alloys—Heavy 








6.3.6, 8.9.5 

Investigation of Properties and Uses 
of Aluminum Bronzes for Shipboard 
Applications: A Summary of Work 
Completed Through Sept. 1955. W. L. 
WittiaMs. U. S. Naval Eng. Experiment 
Station, Rept. No. 040037B (22), NS-013- 
118, Feb. 1, 1956, 125 pp. 

Summary of all work conducted by 
Station’s Metallurgical Laboratory to 
evaluate various cast and wrought alumi- 
num bronzes for shipboard service, Ex- 
periments included variety of sea water 
and fresh water corrosion tests (corro- 
sion-erosion, partial immersion, velocity, 
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jet impingement, hydraulic cavitation, 
stress-corrosion) on plain and welded 
alloys, as well as tension, torsion, fa- 
tigue, corrosion fatigue and magnetic 
permeability tests. Experiments, often 
of simulated service type, were con- 
ducted to evaluate alloys for specific ap- 
plications such as condensers, salt water 
piping, salt water pumps, reduction 
gears, bolts, propulsion shafting, shaft 
sleeves, propellers, valve trim and fresh 
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water stills. Bronzes studied contained 
up to 15 aluminum with additions of 
nickel, iron and silicon. Data are given 
for 90-10 and 70-30 copper-nickel alloys 
for comparison (90-10 in condenser ap- 
plications in particular). Numerous 
tables, graphs, corrosion specimen photo- 
graphs—_INCO 14027 


6.3.8 
The Properties of Tellurum-Alloy 


Remittances must accompany all orders for literature the aggregate cost of which is less 
than $5. Orders of value greater than $5 will be invoiced if requested. Add 65c per 
package to the prices given below for Book Post Registry to all addresses outside the 
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Aluminum 


The Performance of Alcan 65S-T6 Alumi 
num Alloy Embedded in Certain Woods 
Under Marine Conditions by T. E i 
H. P. Godard and |. H. Jenks 


Application of Statistical Theory of Ex- 
treme Values to the Analysis of Maxi- 
mum Pit Depth Data for Aluminum 
by P. M, Aziz 


The Corrosion Behavior of Aluminum by 
Hugh P. Godard 

Aqueous Corrosion of Aluminum—Part 2— 
Methods of Protection Above 200 C by 
J. E. Draley and W. E. Ruther 


Compatibility of ae, With Alkaline 
ee Products by C. Walton, F. L. 
McGeary and E. T. sactchent ; 
Structural Features of Corrosion of Alumi- 
num Alloys in Water at 300 C by Kurt 
M, Carlsen X 
The Static Electrode Potential Behavior of 
Aluminum and the Anodic Behavior of 
the Pure Metal and Its Alloys in Chlo- 
ride Media by E. M. Khairy and M. 
Kamal Hussein os a cee 


Cathodic Protection 
and Pipe Lines 


Cathodic Protection of Internals of Ships by 
L. P. Sudrabin 


Cathodic Protection of Oil Well Casings at 
Kettleman Hills, California by J. K. Bal- 
lou and F. W. Schremp 

Cathodic Protection of an Active Using Zinc 
Anodes by B. H. Tytell and H. S. Preiser 


The Application of Cable in Cathodic Pro- 
tection—Part | by M. A. Riordan and 
Part Il by R. G. Fisher 

Economic Considerations in Pipe Line 
Corrosion Control by L. G. Sharpe 


Application of Cathodic Protection to 48 
Well Casings and Associated Production 
Facilities at Waskom Field by G. L. 
Doremus, W. W. Mach and J. J, Lawnick 

Potential Criteria for the Cathodic Pro- 
tection of Lead Cable Sheath by K. G. 
Compton 

Use of Graphite as Duct Anodes by a [ 
Ayres 

Lead Cable Sheath Corrosion Under 
Cathodic Protection Conditions by Walter 
H. Bruckner and Ray M. Wainwright. . 

Cathodic Protection of an Active Ship 
Using a Trailing Platinum-Clad Electrode 
by Herman S. Preiser and Frank E. Cook 

Polarization > the Corrosion of Ice Break- 
ers by J. H. Greenblatt 

Current eeckeiee for Cathodic Protec- 
tion of Oil Well Casing by 
Haycock 

Thermoplastic Materials for Pipe by P, M. 
Elliott 


Coatings 
How to Determine a ‘Comparable Cost’ for 


Paints by V. B. ae and J 
Wilson, Jr. 


Testing of Coal Tar Coatings (11)—Field 
Exposure in Cold Climates e W. F. me 
Jr., C. U. Pittman and M. G. Sturrock. 


Combustion and Its 
By-Products 


Corrosion Studies on a Model Rotary Air 
Preheater by G. G. Thurlow 


A Thermochemical Study of Some Additives 
to Reduce Residual Fuel Ash Corrosion by 
W. E. Young and A. E. Hershey......... 50 


Economics 


The Cost of Corrosion to the United States 
by H. H. Uhlig 

Relation of Corrosion to Business Costs by 
Aaron Wachter 


Inhibitors 


Dicyclohexylammonium Nitrite, a Vola- 
tile Corrosion Inhibitor - Corrosion 
Preventive go by A. Wachter, 
T, Skei and N. Stiliman 


Selection of Rust Inhibitors to Meet moe 
oars by A. Freedman, 
Dravnieks, W, B. Hirschmann and R$ 
Cheney 
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Some Experiences with Sodium Silicate as 
a Corrosion Inhibitor in Industrial Cooling 
Waters by J. W. Wood, J. * Beecher 
and P. S. Laurence 


Non-Chemical Factors Affecting Inhibitor 
Selection and Performance in Air Condi- 
tioning Cooling Waters by Sidney Sussman. . 

Inhibiting Effect of Hydrofluoric Acid in 


Fuming Nitric Acid by David M. Mason, 
Lois L, Taylor and John B. Rittenhouse... . 


Miscellaneous 


The Corrosion of Steel in a Reinforced Con- 
crete Bridge by R. F. Stratfull 


Some Aspects of the Corrosion Processes of 
Iron, Copper and Aluminum in Ethylene 
Glycol Coolant Fluids by P. F. Thompson 
(Deceased) and K. F. Lorking..... 


Cone onne by Magic—it’s Wonderful 
by H. H. Uhlig 

Why dae Corrode by H. H. Uhlig 

The Relation of Thin Films to Corrosion by 
Thor N. Rhodin 

Fundamentals of Liquid Metal Corrosion by 
W. D. Manly 


The Oxidation of Molybdenum by E. S. 
Jones, Capt. J. F. Mosher, nee _—, 
and J. W, Spretnak P 


Corrosion and Metal Transport in or 
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Nickel-Molybdenum-iron Alloys) by G. 
Pedro Smith and Eugene E. Hoffman.... . 


Corrosion and Metal Transport in Fused 
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Smith, Mark E. Steidlitz and Eugene E. 
Hoffman ‘ 
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Lead Sheath for Power Cable. 
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H. A 


Hoover. Paper before Am. Inst. Elec 
Engrs., Fall General Mtg., Chicago, Oct 
1-5, 1956. Trans. AIEE, 75, Pt. III, 1517- 


1521; disc., 1521-1525 (1957) Feb. 
Tellurium-alloy lead possesses 


excel- 


lent resistance to creep and bending fa- 
tigue and is greatly superior to copper- 


bearing lead in these respects. 
be extruded over a wide range 
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Cavity Formation in Iron Oxide by D. 
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tices without significantly affecting prop- 
erties of finished product. Only a slight 
age-hardening trend is evident after pro- 
longed aging at room _ temperatures. 
Ductility remains high after 514 years 
ging. Bending life of alloy remains un- 
iffected by exposure to heat equivalent 
o that received in wiping operations. 
‘nder conditions of electrolytic corro- 
sion and direct chemical attack, corro- 
ion resistance of tellurium-alloy lead 
shows some superiority over corrosion 
esistance of copper-bearing lead. Photo- 


nicrographs, graphs, photos, 18 refer- 
nces.—I)} : 14295 
).3.8 


On the Corrosion-Proof, Mechanical 
Properties and Microstructure of Lead 
ind Lead Alloys. M. HANnarusa and R. 
KAWABATA. J. Japan Inst. Metals, 21, No. 
i, 35-43 (1957) January. 

Some chemical, mechanical and micro- 
structural experiments on lead and lead- 
intimony alloys as materials for appa- 
‘atus in the chemical industry have been 
arried out. (1) At temperature range 
i 50-80 degrees, the greater the anti- 
nony content the better is the resistance 
o sulfuric acid. (2) With tellurium and 
copper alloying, the flash point of lead- 
ich alloys rises, but with bismuth, zinc, 
tin, and antimony it is lowered. (3) As 
the lamella B phase appears in grain 
structure, the tensile strength of the 
rolled lead is lower than one cast, both 
having the same content of lead-anti- 
mony alloy. (4) Relation between the 
microstructure and the flash point on 
lead and lead rich alloys is explained.— 


ISPS: 14285 


6.3.9, 1.6 

Molybdenum. L. Nortrucortr. Book, 
1956, 222 pp. Butterworths Scientific Pub- 
lications, London; Academic Press, Inc., 
New York. 


Until recently, the main use of molyb- 
denum has been as an alloying element 
in steel; its use as a pure metal has 
been small, chiefly in lamps and radio 
valves and as windings in high-tempera- 
ture furnaces. However, since engine 
designers are asking for materials with 
high strength at ever-increasing tem- 
peratures, a great deal of research has 
been put into developing molybdenum- 
base alloys as high-temperature engi- 
neering materials. The high melting 
point of molybdenum and its not un- 
reasonable specific gravity of 10.2 sug- 
gest that such research work is well 
worth while. The results of this work 
have been very adequately summarized 
by Dr. Northcott in the latest book of 
the series “The Metallurgy of the Rarer 
Metals”. He deals with extraction, phys- 
cal and mechanical properties, powder 
metallurgy, arc-melting, fabrication, al- 
loys, welding, and protection of molyb- 
denum against oxidation. Dr. North- 
cott’s book will be essential to anyone 
undertaking research on molybdenum 
and very useful to anyone who has oc- 
casional dealings with the metal. 

There is a very important omission, 
which the reviewer regrets, viz. a short 
chapter, such as Dr. Sully gives in his 
book on “Chromium” in the same series, 
summarizing the prospects for molyb- 
denum as a high-temperature engineer- 
ing material. For such applications, 
molybdenum is a very exasperating 
metal. Very high creep strengths have 
been obtained in certain alloys. Dr. 
Northcott quoted 100-hour stress rup- 
ture strengths of over 11 tons per square 
inch at 1093C. Further, these high 
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strengths are combined with ductility at 
room temperature; provided that the 
test-pieces are pulled slowly in a warm 
room and are free from notches, re- 
ductions in area at fracture of 60% 
can be obtained. Nevertheless, molyb- 
denum-base alloys at the moment can- 
not be used in gas turbines, since they 
oxidize strongly at temperatures over 
700C and neither an inherently oxidation 
resistant alloy nor a self healing coat- 
ing has been developed. The develop- 
ment of an inherently oxidation-resistant 
alloy is very difficult, since small addi- 
tions of alloying elements tend to em- 
brittle molybdenum and yet even large 
additions of alloy such as 15% of nickel 
do not give useful oxidation resistance. 
Useful lives at temperatures of over 
1000C have been obtained with coated 
molybdenum, but any flaw quickly leads 
to failure. Further, the best of the coat- 
ings are brittle and this brittleness and 
the lack of self-healing qualities rule out 
coated components for application such 
as aeroplane gas turbines, where relia- 
bility is essential. However, a great deal 
of work is being put into the investiga- 
tion of molybdenum and it is very pos- 
sible that a solution to the coating prob- 
lem will be found, thus enabling the 
very good creep properties of molyb- 
denum to be utilized —MA. 13960 


6.3.9, 3.7.3 

Investigation of the Effects of Hot- 
Cold Work on the Properties of Molyb- 
denum Alloys. M. SEMCHYSHEN and R. 
Q. Barr. Climax Molybdenum Company 
of Michigan. U. S. Wright Air Develop- 
ment Center Pubn., Jan., 1957, 126 pp. 
Available from Office of Technical ,Serv- 


FT| 
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ices, U. S. Dept. of Commerce, Wash- 
ington, D. C. (Order PB 121976.) 
Among the results of this investiga- 
tion, it was shown that molybdenum 
alloyed with 0.28% niobium or with 
0.50% titanium was strain hardened 
when rolled or forged at temperatures 
up to 2400F. Tests showed that the 
hardness produced by a given amount 
of deformation varied with the tem- 
perature at which such deformation was 
accomplished. In general, deformation 
accomplished by forging developed 
higher strain hardening than deforma- 
tion by rolling. At the highest forging 
temperature of 2400F, specimens from 
the niobium alloy were less severely 
strain hardened than comparable speci- 
mens from the titanium alloy, owing to 
the relatively greater structural stabil- 
ity of the latter. The higher the work- 
ing temperature in the range 1800-2400 
F, the higher the hardness of the 
wrought structure, provided no recrys- 
tallization occurred. This anomaly sug- 
gested that strain-aging occurs during 
the hot-cold working of these alloys. 
The hardness resulting from hot-cold 
working by forging or by rolling could 
only qualitatively be related to anneal- 
ing times and temperatures necessary 
to bring about softening. It was con- 
cluded that stress had an accelerating 
effect on the recrystallization of the 
alloys investigated. 14165 


6.3.9, 5.3.2, 3.5.9 

Molybdenum for High Strength at 
High Temperatures. R. R. FREEMAN AND 
J. Z. Briccs. Paper before Am. Rocket 
Soc., 11th Ann. Mtg., N. Y., Nov. 26-29, 
1956. Jet Propulsion, 27, No. 2, Pt. 1, 
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138-147 (1957) Feb.; 
No. 4, 137-138, 140, 
Feb. 21. 

Stress rupture strength and 2nd-stage 
creep rate data at 1600, 1800 and 2000 F 
(shown in graphs) for molybdenum and 
3 molybdenum-base alloys (0.3 niobium- 
molybdenum, 0.5 titanium-molybdenum 
and 1.0 vanadium-molybdenum) show 
that mechanically-worked and_ stress- 
relieved 0.5 titanium-molybdenum has 
best high temperature properties. Room 
and elevated temperature tensile prop- 
erties of 0.5 titanium-molybdenum alloy 
are tabulated. Importance of adequate 
protective coatings is considered. Table 
evaluates sprayed er including 
nickel-chromium-boron + aluminum-chro- 
mium-silicon and aecinale ited ~ chromium 

nickel coating, with respect to oxidation 
at 1800 and 2000 F, ballistic impact and 


Machine Design, 29, 
142, 144 (1957) 


CORROSION—NATIONAL 


ASSOCIATION OF CORROSION 


erosion at 1800 F. Fabrication and joining 
methods are discussed. Various applica- 
tions of molybdenum in jet propulsion 
field are considered. Factors making it 
a logical choice include high creep and 
rupture stress, high tensile strength at 
high temperatures, high modulus of 
elasticity, high thermal conductivity 
coupled with low specific heat and low 
expansivity, high resistance to erosion 
by hot gases and high melting point. 
Table compares compression creep proper- 
ties of swaged molybdenum with those 
of S-816, Nimonic 90, Stellite 21 and 
Metamic LT-1l. Erosion specimens of 
sintered molybdenum, unalloyed arc- 
cast molybdenum, Stellite No. 6, Car- 
penter Red Tough tool steel and 1020 
cold rolled steel, after exposure to high 
speed, high pressure gases at 2500-3000 
F are shown.—INCO. 13747 
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6.3.10 


The Development of Alloys Contain- 
ing Mainly Nickel and Chromium in 
Use at High Temperature. W. BETTER 
IDGE AND A. W. FRANKLIN. Paper before 
Journees Metallurgiques d’Automne de 
la Soc. Francaise de Metallurgie, Paris, 
Oct. 28, 1954. Rev. Met., 53, No. 4, a 
284 (1956) April; Metal Treatment 
Drop Forging, 23, Nos. 132, 133, 343- 348, 
385-389 (1956) Sept., Oct. 


Betteridge and Franklin review the 
creep, fracture, fatigue, and resistance 
to oxidation and corrosion of the nickel- 
chromium-titanium-aluminum (Nimonic) 
alloys between 750 and 1000 C and dis- 
cuss the influence of composition and 
heat-treatment on their structure. They 
show that the progressive improvement 
on the nickel-chromium matrix resulting 
from hardening by precipitation with 
titanium and aluminum has led to an 
increase in the resistance to creep and 
fracture at elevated temperatures. This 
is shown by the fact that Nimonic 80, 
introduced in 1941, was fractured in 100 
hours under a stress of 20 kg./mm.’ at 
720 C, while the most recent member of 
the series, Nimonic 100, fractures in 
100 hours at the same stress at 860 C. 
There is a corresponding improvement 
in the resistance to fatigue and in the 
short-time tensile and torsion properties 
at elevated temperatures —MA,. = 13513 


6.3.15 

Development of a Heat-Treatable Ti- 
tanium Alloy Having Adequate Form- 
ability. H. A. Roprnson and others. Bat- 
telle Memorial Institute. U. S. Wright Air 
Development Center Pubn., Jan., 1957, 78 
pp. Available from Office of Technical 
Services, U. S. Dept. of Commerce, Wash- 
ington, D. C. (Order PB 121942.) 

This research was directed toward the 
development of an alloy capable of be- 
ing solution heat-treated, formed in the 
soft as-quenched condition and subse- 
quently reheated or aged at moderate 
temperatures to a condition of high 
strength. A series of 27 experimental 
alpha-beta titanium alloys was melted, 
forged, rolled to sheet and evaluated by 
true stress-true strain tensile data and 
bend tests. In general, the solution tem- 
perature had greater effect than alloy 
composition on the relative formability 
of the alloys in the as-quenched condi- 
tion. However, several compositions ap- 
peared to offer greater promise than the 
others from the standpoints of formabil- 
ity and ability to be aged to a high 
strength level. A titanium-3 iron-3 
molybdenum-2 aluminum alloy was par- 
ticularly promising. 14135 


6.3.15 

The Relative Corrosion Resistance of 
Titanium and Some of Its Alloys. L. B. 
GoLpEN, W. L. ACHERMAN and D. 
ScHLaAIn. U. S. Dept. Interior, Bur. 
Mines, Rept. of Investigations No. 5299, 
January, 1957, 25 pp. 

Titanium-manganese, titanium -Chro- 
mium-iron and titanium - vanadium -iron 
alloys with 2 types of unalloyed titan- 
ium (arc melted and sintered powder) 
were tested in sulfuric acid, phosphoric 
acid, hydrochloric acid, nitric acid and 
mixed acids and in various chloride so- 
lutions. Tests were carried out at 35, 
60 and 100 C with air saturation and at 
boiling point without aeration. Arc- 
melted titanium is slightly superior to 
titanium consoldated by powder metal- 
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Inco high-temperature research note: 


Effect on heat resistant alloys of the 
combustion products of Bunker “C”’ fuel oil 


The use of Bunker “C” and other types of re- 
sidual fuel oils for industrial heating poses a 
severe high temperature corrosion problem. 


Combustion products from these fuels include 
a considerable amount of ash containing vana- 
dium pentoxide, sodium and sulfur compounds, 
which have a low fusion temperature. 


When this ash is liquid, it creates a fluxing 
action on the metals and high corrosion rates 
follow. 


Since long field experience has shown all of the 
heat resistant alloy to be susceptible to this type 
of damage, an approach based on the addition of 
substances to the fuel oil to prevent the ash from 
becoming molten has been adopted. 


Inco High Temperature Engineering 
Service conducts in-plant tests 


Inco engineers—in cooperation with several 
Steam Power and Stationary Gas Turbine com- 


Test racks 
after exposure 


Each rack carried 
many specimens 
of different com- 
positions, all pre- 
cisely measured 
before installa- 
tion. Corrosion 
rates are devel- 
oped from these 
specimens by met- 
allographic exam- 
ination. 


panies have conducted a series of in-plant tests 
in order to determine the behavior of certain 
high temperature alloys when exposed to Bunker 
“C” burned with or without additives. 


Corrosion results were obtained on both cast 
and wrought alloys as well as on some alloys with 
various coatings. The bar graph (below) shows 
the results of nine of the alloys tested. (Note for 
example, the performance of type 310 under the 


severe vanadium, sodium and sulfur environ- 
ment.) 


In general, data derived from this Inco High 
Temperature test points up the benefits of using 
additives when burning Bunker “C” fuel oil. It 
also provides a basis for material selection in 
terms of cost and length of service. 


Inco has investigated many metals and alloys 
under hundreds of high temperature environ- 
ments. If you have a metal problem involving 
high temperature performance let us help you. 
Send for our High Temperature Work Sheet... 
a form that makes it easy for you to outline your 
problem to us. 


THE INTERNATIONAL NICKEL COMPANY, INC. 
67 Wall Street New York 5, N. Y. 


475 Wl bunker “c* Residual Fue! it ; = 
| EZ Gatcium odd itive + Bunker “CME 
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lurgy techniques in its resistance to sul- 
furic acid and phosphoric acid solutions. 
The three alloys become embrittled in 
more concentrated acid solutions, degree 
of embrittlement being proportional to 
corrosion rate. Study of zirconium-Titan- 
ium alloys in sulfuric acid, hydrochloric 
acid and phosphoric acid shows that as 
little as 14 zirconium is effective and that 
larger amounts produce progressively bet- 
ter resistance. Tables, graphs.—INCO. 
14159 


6.3.15, 3.7.2 

Study of Effects of Alloying Ele- 
ments on the Weldability of Titanium 
Sheet. J. F. Rupy and others. Armour 
Res. Foundation. U. S. Wright Air De- 
velopment Center Pubn., March, 1957, 151 
pp. Available from Office of Technical 
Services, U. S. Dept. of Commerce, Wash- 
ington, D. C. (Order PB 131049.) 

To 5 aluminum-titanium were intro- 
duced combinations of carbon, nitrogen, 
and oxygen, intended to total 0.33% in- 
terstitial. Each of the five resulting al- 
loys was divided into three parts: one 
was vacuum annealed to reduce hydro- 
gen to less than 50 ppm; the second 
was hydrogenated to 100 ppm; and the 
third was hydrogenated to 200 ppm. 
Each of the 15 alloy samples was then 
tested as fabricated, as-welded and after 
three separate post-weld heat treatments. 
A similar procedure was followed with 
6 aluminum-4 vanadium-titanium alpha 
and beta alloy. The 5 aluminum-titanium 
becomes not weld ductile when the ni- 
trogen+ogyven additions total 0.25%. 
This was true with 0.049% carbon and 
0.123% carbon. Some ductility was indi- 
cated in both. However, the 6-inch long 
welded bend specimens were not able to 
fold to less than one-inch end distance 
separation without failing. Ductile welds 
were obtained with nitrogen+-oxygen of 
0.16% even with moderately high (0.28%) 
carbon. A completely brittle alloy was 
obtained when nitrogen-oxygen totalled 
0.28%. The 6 aluminum-4 vanadium- 
titanium alloy becomes weld embrittled 
as carbon-+nitrogen-++oxygen as low as 
0.26% when nitrogen is 0.11%. If the 
nitrogen is held lower, a carbon-+nitrogen 
toxygen of approximately 0.29% can be 
tolerated. Nitrogen appears to be a much 
more effective embrittler than oxygen. 


14173 


6.3.15, 3.7.3 

The Effect of Various Heat Treat- 
ment Cycles Upon the Mechanical Prop- 
erties of Titanium Alloys with Various 
Interstitial Levels. B. F. Haptey, G. W. 
Bauer and D. Evers. Mallory-Sharon Ti- 
tanium Corp. U. S. Wright Air Develop- 
ment Center, March, 1957, 220 pp. Avail- 
able from Office of Technical Services, 
U. S. Dept. of Commerce, Washington 
25, D. C. (Order PB 131009.) 

The effects of various heat treatments 
on mechanical properties of the alloys 
titanium-5 aluminum complex, titanium-3 
manganese complex, titanium-6 aluminum- 
4 vanadium, and titanium-4 aluminum-4 
manganese were examined. The heat treat- 
ments were a solution treatment and age 
cycle, a step quench cycle, and a solution 
treatment, isothermal transformation 
cycle. The effects of interstitial levels, 
or interstitial element contents and sec- 
tions size were also studied.—OTS. 


14268 


6.3.15, 4.3.2 

Protective Film on Titanium in Hy- 
drochloric Acid. RikUro OrsuxKa. J. 
Metals, 9, 75-76 (1957 Jan.; Z. Metall- 
kunde, 47, No. 11, 714-715 (1956) Nov. 


Experiments indicate film may be a hy- 


58a 


dride. Techniques are discussed which 
are believed to produce hydrides or to 
remove them prior to hydrochloric acid 
tests. 4 references. Cf. Otsuka: J. Japan 
Inst. Metals, 20, No. 1, 9-11 (1956) —MR. 

13904 
6.3.15, 6.3.20, 6.3.13 

Titanium, Zirconium and Tantalum 
for Control of Corrosion: A Review. 
WittrAmM E. Lussy, Jr. Corrosion, 13, 
No. 10, 654t-658t (1957) Oct. 

The corrosion resistant properties of 
tantalum, zirconium and titanium are re- 
viewed and progress in process applications 
presented. Fabricating know-how and in- 
dustrial experience have progressed to the 
point that these metals can be accepted 
as reliable materials of construction. Ad- 
ditional fundamental research is needed, 
however, to understand the mechanisms of 
attack and passivity noted. The use of 
these metals can now be economically jus- 
tified in many locations. Volume produc- 
tion and lower prices forecast for ti- 
tanium and zirconium due to defense 
needs will lead to expanded use in corro- 
sion resistant applications. 14229 


6.3.15 

Elevated-Temperature Fatigue- 
Strength of Titanium Alloys Under 
Axial Load (and Their Resistance to 
Oxidation). Grorces VipaL. Rev. Met., 
53, No. 10, 767-774 (1956). 

Vidal studied the fatigue strength at 
temperatures up to 500-600 C and the 
resistance to oxidation of three tita- 
nium alloys manufactured in France: 
titanium 150A containing iron 1.3 and 
chromium 2.5%, MST1 containing alu- 
minum 2.8 and copper 5.4%, and MST2 
containing iron 2.0 and aluminum 1.8%. 
The resistance to oxidation of the three 
alloys was distinctly higher than that of 
a straight 0.35% carbon steel, lower 
than that of an 18:8 steel and sufficiently 
high for use in ordinary atmospheres at 
temperatures of the order of 500-550 C. 
The resistance to fatigue at elevated 
temperatures under axial load of polished 
specimens is appreciably higher in the 
range of temperatures studied than that 
of the Duralumin-type alloys. At 550 C 
the fatigue limit of MST1 is equal to 
that of Duralumin at ordinary tempera- 
ture; but the equivalent temperature for 
MST2 is 500 C and for titanium 150A 
450 C. In general, the elevated-tempera- 
ture fatigue strength of polished speci- 
mens of these three alloys is higher 
than that of 0.35% carbon steel even at 
~500 C., but very considerably lower 
at ordinary temperature. The fall in the 
mechanical properties of the titanium 
alloys occurs at a higher temperature 
than that of ordinary steels, but at 
lower temperature than that of the 18:8 
stainless steels.—MA. 13731 


6.3.15 

Basic Research on Sintered Titanium 
Powder Analogous to “SAP” for High 
Temperature Strength. E. P. WEBER. 
Clevite Research Center. U. S. Navy 
Bureau of Aeronautics, June, 1956, 44 
pp. Available from Office of Technical 


Services, U. S. Dept. of Commerce, 
Washington, D, C. (Order PB 121559), 


Progress is reported in the develop- 
ment of titanium alloys by powder 
metallurgy which have the excellent 
high temperature strength and stability 
of SAP, or sintered aluminum powder. 
The sintered titanium powder was desired 
because of its high melting point, a 
shortcoming which limits the use of 
SAP. Procedures are described which 
produced a high-quality titanium hydride 


ENGINEERS Vol. 14 


with outstanding room temperature ten- 
sile properties. The base powder of an 
average particle size of five to 10 
microns was made, compacted, dehydrided, 
sintered, and extruded into rod. Tho- 
rium oxide was found to be stable in 
titanium when sintered at 1200 C, indi- 
cating that it can serve as the dispersed 
phase for dispersion hardening if a fine 
enough dispersion can be achieved. 

13721 
6.3.15 


Stability of Commercial Alpha-Beta 
Titanium Alloys. D. A. Wruck. U. S. 
Wright Air Development Center Pubn., 
August, 1956, 35 pp. Available from 
Office of Technical Services, U. S. Dept. 
of Commerce, Washington 25, D. C. 
(Order PB 121655). 

The influences of various factors such 
as temperature, time-at-temperature, stress 
and hydrogen on the stability charac- 
teristics of a number of commercial 
alpha-beta titanium alloys was exam- 
ined. Also studied was the nature of 
the reactions responsible for the duc- 
tility loss in unstable microstructures. 
Among results of the tests it was shown 
that in the absence of hydrogen con- 
tamination most alpha-beta alloys can 
be rendered quite stable up to the max- 
imum temperatures at which they retain 
useful strength for stressed applications. 
Ductility was found to steadily reduce 
to a minimum at the first sign of an un- 
stable trend and no changes are appar- 
ent with continued isothermal exposure 
Application of stress tends to accelerate 
embrittling reactions in a microstructure 
with marginal thermal stability at a 
given temperature. The influence of hy- 
drogen on the stability of alpha-beta 
alloys is dependent on the alloy com- 
position. 13703 


6.3.15 

Survey of Physical-Property Data for 
Titanium and Tiatnium Alloys. H. W. 
DEEM AND C. F. Lucks. Titanium Metal- 
lurgy Lab., Battelle Memorial Institute, 
March, 1956, 37 pp. Available from Office 
of Technical Services, U. S. Dept. of 
Commerce, Washington 25, D. C. (Or- 
der PB 121613). 13590 


6.3.15, 3.7.4, 3.7.2 

The Effect of Microstructural Varia- 
bles and Interstitial Elements on the 
Fatigue Behavior of Titanium and 
Commercial Titanium Alloys. C. B. Ditt- 
MAR, G. W. BAver AND D. Evers. Mal- 
lory-Sharon Titanium Corp. U. S. Wright 
Air Development Center, Tech. Rept. 56- 
304, January, 1957, 83 pp. 


Investigation of effect of microstructure 
on fatigue behavior of alloys titanium-5 
aluminum-2.5 tin, titanium-6 aluminum-4 
vanadium and _ titanium-3 manganese 
Complex. Microstructure had little effect 
on endurance limit of alloys unless 
structure was extremely coarsened or 
embrittled. Effect of interstitial con- 
tents representative of basis for com- 
mercial titanium specification, .07 nitro- 
gen, .20 oxygen and .20 carbon taken 
singly or grouped together was investi- 
gated for unalloyed titanium and alloys 
titanium-5 aluminum-2.5 tin, titanium-6 
aluminum-4 vanadium and_ titanium-3 
manganese Complex. Titanium and 3 
titanium alloys showed increased or un- 
changed fatigue life at all interstitial 
contents specified above. Graphs, tables, 
photomicrographs.—_INCO. 13771 


6.3.15, 7.6.1 
Titanium Moves Into Process Equip- 
ment. G. T. Beprorp, W. J. WEEKS. AND 
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\. G. Carterson. Rem-Cru_ Titanium. 
Chem. Eng., 63, No. 12, 238, 240, 242, 
44, 246, 248 (1956) Dec. 

In next 5-10 years demand from chemi- 
‘al processing industries will surpass 
iircraft for titanium. Advantages of 
titanium include distinctly better corro- 
sion resistance than common engineer- 
ing metals in sea water, moist chlorine, 
metallic chlorides, bleaching solutions 
ind acids; resistance to stress corro- 
sion; and lighter weight without sacri- 
ficing strength. Summarized in text and 
in tables are type of titanium equipment 
used in various processes, comparison 
of costs of titanium and Type 316, im- 
portant physical and mechanical proper- 
ties of titanium, widely used titanium 
alloys and their characteristics, and lat- 
est corrosion data on titanium listing 
about 65 organic and inorganic chemi- 
cals and corrosive agents. Photograph 
shows titanium-lined barrel of chlorine 
dioxide mixer at Riegel Paper Co.— 


INCO. 13509 


6.3.15 

Development of Titanium-Base Alloys 
for Elevated Temperature Application. 
W. F. Carew, F. A. Crosstey AND D. J. 
McPuerson. Armour Research Founda- 
tion. Wright Air Development Center, 
May, 1956, 101 pp. Available from Office 
of Technical Services, U. S. Dept. of 
Commerce, Washington, D. C. (Order 
PB 121467). 

The effects on the mechanical proper- 
ties of a promising alpha-beta type alloy, 
titanium-6 aluminum-3 molybdenum, of 
complexing the alpha and beta phases 
were determined. The alpha complexers 
tin and zirconium improved the creep 
resistance and rupture strength of the 
alloy. The beta complexers chromium, 
manganese and vanadium used as par- 
tial substitutes for molybdenum as the 
base material, reduced the parameters 
below the levels of the base composi- 
tion. Data compiled so far on the creep 
rupture properties indicate that titanium- 
aluminum-silver alloys are inferior to 
binary titanium-aluminum alloys. 13563 


6.3.15, 3.7.3, 3.5.8, 2.3.7 

Investigation of Stress Relief Proce- 
dures for Titanium and Titanium Al- 
loys. F. J. Grttic. Cornell Aeronautical 
Laboratory, Inc. U. S. Wright Air De- 
velopment Center, August, 1956, 82 pp. 
Available from Office of Technical Serv- 
ices, U. S. Dept. of Commerce, Wash- 
ington 25, D. C. (Order PB 121570). 

This investigation was concerned with 
the causes and effects of residual stresses 
in titanium aircraft parts and with de- 
velopment of thermal treatments to re- 
lieve the stresses. Fundamental princi- 
ples for the build-up of residual stresses 
are reviewed. The difference between 
macro and micro stresses and the rela- 
tionship between these stresses and the 
properties of the material are discussed. 
A method is outlined for setting up 
simulated residual stresses in a simple 
beam specimen and measuring their de- 
cay with time and temperature. Using 
the method, relaxation tests were made 
on four titanium compositions—A-55, 
C-110M, 6 Al-4V and A-110AT. Rec- 
ommended stress relief treatments for 
the four alloys are evolved from test 
results. 13597 


6.3.15, 3.7.3, 1.6 

Welding of Titanium and Titanium 
Alloys. G. E. FAULKNER and others. Ti- 
tanium Metallurgy Lab., Battelle Me- 
morial Institute, February, 1956, 82 pp. 
Available from Office of Technical 
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Services, U. S. Department of Commerce, 
Washington 25, D. C. (Order PB 121609). 
13598 


6.3.15; 3.7.3 

A Discussion of the Design of Riv- 
eted and Bolted Joints in Titanium 
Sheet. S. A. Gorpon. Titanium Metal- 
lurgy Lab., Battelle Memorial Institute, 
Feb., 1956, 31 pp. Available from Office 
of Technical Services, U. S. Department 
of Commerce, Washington 25, D. C. 
(Order PB 121611). 13600 


6.3.15 

Properties of Active Eutectoid Tita- 
nium Alloys. R. F. BuNsHAH AND H. 
Marcotin. New York University Re- 
search Division. Wright Air Develop- 
ment Center Pubn., June, 1956, 70 pp. 
Available from Office of Technical Serv- 
ices, U. S. Dept. of Commerce, Wash- 
ington 25, D. C. (Order PB 121481). 

Active eutectoid systems, such as 
titanium-nickel or titanium-copper, hold 
interest because of the temperature sta- 
bility of an alpha-plus-compound alloy 
and because control of particle size 
should permit control of strength prop- 
erties over a range of temperatures. In 
this recent research, microstructure and 
mechanical properties of titanium-5 cop- 
per-3 aluminum, titanium-8 copper-3 
aluminum, titanium-5 copper-3 alumi- 
num-2 tin and _ titanium-8 copper-3 
aluminum-2 tin alloys were studied. 
Room and elevated-temperature proper- 
ties were found comparable to those of 
some annealed commercial alloys, with 
titanium-5 copper-3 aluminum-2 tin 
showing the best properties. A stable 
alpha-plus-compound structure showed 
the best combination of strength and 
ductility. Microstructure and mechanical 
properties of binary titanium-nickel al- 
loys were found to be similar to those 
of binary titanium-copper alloys. Pre- 
liminary data on a binary titanium-2 
copper alloy showed a considerable in- 
crease in strength without loss of duc- 
tility after suitable prestrain and anneal 
treatment. 13537 
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6.3.15, 3.7.3 

Brazing and Soldering of Titanium. 
W. J. Lewis, G. E. FAULKNER AND P. J. 
RrepPEL. Titanium Metallurgy Lab., Bat- 
telle Memorial Institute, June, 1956, 28 
pp. Available from Office of Technical 
Services, U. S. Department of Com- 
merce, Washington 25, D. C. (Order 
PB 121616). 13648 


6.3.15, 1.6 

The Corrosion of Titanium. D. W. 
StoucH, F. W. Fink Anp R. S. PEoPLEs. 
Battelle Memorial Institute, October 29, 
1956, 184 pp. Available from Office of 
Technical Services, U. S. Dept. of Com- 
merce, Washington, D. C. (Order PB 
121601). 

The corrosion properties of titanium 
and some titanium alloys are reported. 
The data were obtained from the results 
of laboratory investigations and from 
reports of the behavior of titanium in 
service. Included are corrosion rates in 
various environments, a description of 
industrial and military corrosion experi- 
ences with titanium and the results of 
fundamental studies of the corrosion 
and passivating processes on titanium. 
(auth)—NSA. 13724 


6.3.15, 1.6 

The Effects of Interstitial Contami- 
nants on the Notch-Tensile Properties 
of Titanium and Titanium Alloys. Part 
2. Alloy Titanium. E. P. Kier Aanp N. J. 
FrEoLa. Syracuse University. U. S. Wright 
Air Development Center, August, 1956, 
202 pp. Available from Office of Tech- 
nical Services, U. S. Dept. of Com- 
merce, Washington 25, D. C. (Order 
PB 121575). 

Tensile and notch-tensile properties of 
six titanium alloys contaminated with 
carbon, oxygen, and nitrogen are given 
for temperatures ranging from 75 to 
minus 320 F. Notch sensitivity of the 
various alloys was shown to depend on 
tensile strength, with the critical strength 
level falling in the 140,000 to 160,000 psi 
range. Alloy content and metallurgical 
structures were found to profoundly 
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affect the notch sensitivity of the tita- 
nium alloys. The effects of testing tem- 
perature, contamination level and strain 
rate on promoting notch sensitivity in 
the respective alloys are also disc ussed. 


13619 


6.3.16, 6.6.6 

“B- Tungsten” as a Product of Oxide 
Reduction. G. MANNELLA AND J. O. Hov- 
GEN. J. Phys. Chem., 60, 1148- 1149 (1956). 

B-tungsten identified on surface of 
tungsten oxide pellets which were par- 
tially reduced at low temperatures. From 
results B-tungsten appears to be a low- 
temperature form of tungsten metal.— 
BNF. 13626 


6.3.17, 2.3.4, 3.4.6 ‘ 
A Study of the Reaction Rate Be- 
tween Tuballoy Metal and =a Hy- 


drogen. R. P. Srraetz and J. DRALEY 
Chicago Univ. U. S. Atomic Energy 
Comm. Pubn., CT-3044, June 20, 1945 
(Declassified January 5, 1956), 22 pp. 
Available from Office of Technical Serv- 
ices, Washington, D. C. 

Early investigations showed that hy- 
drogen played an important role in the 


corrosion of jacketed tuballoy (uranium) 
slugs in aqueous medium. In an effort to 
afford an understanding of these phenom- 
ena, an investigation was undertaken to 
determine the rate of reaction of purified 


hydrogen at atmospheric pressure with 
clean tuballoy metal and tuballoy alloys 
at temperatures ranging from room 
temperature to 300 C. The reaction of 
tuballoy hydride with hydrogen satu- 
rated water and the development of 
methods of handling hydride were also 
studied. Results are tabulated and the 
test equipment is described and _ illus- 


(auth) —NSA. 
13922 


trated photographically. 


6.3.17, 3.2.3 

Oxidation of 50 Weight Percent 
Uranium-Zirconium Alloy. SmwNey 
3ARNARTT, Ropert G. CHARLES and EARL 
\. GULBRANSEN. Westinghouse Electric 


Corp., Pittsburgh. J. Electrochem. Soc., 
104, No. 4, 218-221 (1957) April. 

The reaction of 50% uranium-zir- 
conium with oxygen at 1 atm. pressure 
was studied over the range 200 to 500 
C. Two forms of the alloy, the stable 
e-phase and the quenched # phase, were 


reacted to an oxide-scale thickness of 
0.1 mm at the higher temperatures. In 
general, the weight gain increased line- 
arly with time, although in many cases 
the oxidation curve showed a bend and 
could be represented by two staight 
lines. At 400 C and above, the stable 
e-phase reacted considerably faster than 
the ® phase. The thick oxide scales were 


porous and showed unanium enrich- 
ment. During the formation of thin 
oxide films at 200 and 250 C the re- 
action followed the parabolic rate law 


approximately, The alloy oxidizes some- 
what more rapidly than pure zirconium, 


but very much more slowly than ur- 
anium. (auth).—NSA. 14071 
6.3.18 


Electrical Thermoelectric Hardness, 
and Corrosion Properties of Vanadium- 
Base Alloys. H. J. CLeAry. Nuclear 
Metals Inc. U. S. Atomic Energy Comm 


Pubn., NMI-1161, Sept. 5, 1956, 34 pp. 
Available from Office of Technical Serv- 
ices, Washington, D. C 


Attempts have been made to find 
properties of vanadium metal that make 
it suitable for industrial use and thereby 
increase the market for vanadium which 
is now a by-product of uranium min- 
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ing. Additions of 1 at.% palladium and 
other elements give vanadium some 


unique properties in the super-conduct- 


ing range that may lead to use of va- 
nadium in the cryotron, a new type 
electronic amplifier. A vanadium alloy 


containing 25 at .% aluminum possesses 
high electrical resistivity (243 microhm- 
cm) at room temperature; however, this 
alloy has little ductility. Studies of the 
thermoelectric power and corrosion re- 
sistance of a number of vanadium-rich 
alloys containing one atomic percent of 
a variety of elements revealed no strik- 
ing or useful properties. (auth)—NSA. 

13951 


6.3.19, 5.3.1 

Zinc: Properties and Uses in Modern 
Industry. Canadian Zinc Research and 
Development Committee. Can. Mining 
Met. Bull., No. 535, 742-754 (1956) Nov.; 
Trans. Can. Inst. Mining Met., 59, 410- 
422 (1956). 

A series of short papers and discus- 
sions presented at a forum on various 
aspects of the zinc industry: “Die Cast- 
ing, G. O. Fry; Zine Rolling in Canada, 
V. A. Lee; Continuous Galvanizing of 
Steel Bands at Stelco, C. H. Steele; 
(CSA, ASTM and BSI) Zinc Grades 
and Specifications, J. D. Carr; Zine Al- 
loys and Corrosion, R. C. Bell; Research 


and Development, J. O. Edwards; Zinc: 
General Trends and Economics, O. C. 
Wilson.—BNF. 13561 


6.3.20, 4.6.2, 3.2.3 
Effect of Pre-Oxidation in Oxygen on 
the Steam Corrosion Behavior or Zirca- 


loy-2. D. E. THomMas and S. Kass. J. 
Electrochem. Soc., 104, No. 5, 261-263 
(1957) May. 

The effect of pre-oxidation in dry 
oxygen gas on the corrosion behavior 
of Zircaloy-2 and unalloyed zirconium 


in steam was investigated. In the case of 
Zircaloy-2, pre-oxidation has no effect 
on corrosion behavior, the kinetics being 
the same whether all or part of the total 
exposure is in oxygen. A transition in 
kinetics from quasi-cubic to linear occurs 
in the corrosion of Zircaloy-2 in either 
medium, indicating that the transition 
is not associated with corrosion product 
hydrogen. On the other hand, unalloved 
zirconium shows neither transition nor 
breakaway (spalling) when exposed to 


oxygen and exhibits breakaway on ex- 
posure to steam whether pre-oxidized 
or not, suggesting that breakaway is 


associated with corrosion product hydro- 
gen. The phenomena of breakaway and 
transition are shown to be distinctly 
different. 13861 


6.3.20, 4.9.4 
The Anodic Oxidation of Some Di- 
lute Binary Zirconium Alloys. Grorcr B. 


ApAMs, Jr., Curtis E. BorcHERS and 
PIERRE VAN RYSSELBERGHE. Univ. of Ore- 
gon. U. S. Atomic Energy Comm. Pubn., 
VECU-3388, January 1, 1957, 29 pp 
\vailable from Office of Technical Serv- 
ices, Washington, D. C. 


The low-potention anodic oxidation of 
Kroll process zirconium at very small 
constant ionic currents in aqueous media 
was described. The apparent electrolytic 
parameters @ As, 0 B., the apparent for- 
mation field, F/o, and estimates of local 
corrosion currents and oxide film thick- 
nesses were ali obtained from potential- 
time measurements on the very thin 
anodic films formed in the potential 
range below oxygen evolution. The pres- 
ent research is an attempt to correlate 
changes in these measured electrolytic 


parameters for the anodic oxidation 
process with changes in alloying con- 
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stituents for a series of dilute binary 
zirconium alloys. (auth) —NSA _ 1407¢ 


6.3.21 
Crystal Bar Hafnium Powder, Its 
Production, Mechanical and Corrosior 


Properties. C. T. Watpo and W. Kermi 
ANDERSON. Knolls Atomic Power Lab 
U. S. Atomic Energy Comm. Pubn. 
KAPL-CTW-2, January 10, 1957, 11 ‘pp 
Available from Office of Technical Serv- 
ices, Washington, D. C. 

Hafnium powder can_ be produced 
quite easily by the hydride process in 
much the same way as zirconium. Speci- 
mens fabricated from hafnium powder 
have poor ductility anda tensile strength 
of approximately 75,000 psi. The corro- 
sion performance of fabricated powder 
metallurgy shapes in 680F water is 
considered good on the basis of a 4000 
hr. exposure. (auth) —NSA 14125 


6.3.21, 3.8.4, 5.3.4 

The Rate of Reaction of Nitrogen 
with Hafnium Metal (Technical Report 
No. 19 on Chemical Thermodynamics 
of Materials at High Temperatures). 
RusseEtL K. EpwaArps and GLENN T. 
MALLoyr Illinois Institute of Technology, 
Project 051-070, Contract NONR-1406, 
December, 1956, 12 pp. 

The reaction rate of nitrogen with 
hafnium metal was studied in the tem- 
perature range 876 to 1034 and over the 
pressure range 38 to 402 mm, The rate 
of behavior follows the simple parabolic 
rate law without deviation for the per- 
iods of time studied (up to 132 minutes). 
The activation energy was found to be 
57 kcal per mole of nitrogen. A compari- 
son of these results with other results 
in the literature shows that rates de- 
crease and activation energies increase 
in the order, titanium, zirconium, haf- 
nium, for the nitridization process with 
this group of metals. (auth) —NSA 

13990 


6.3.19 

Corrosion Resistance of Zinc Alloys 
Containing Manganese and Copper. S. 
Fuyino. Repts. Govt. Ind. Res. Inst., Na- 
goya, 5, No. 7, 326-329 (1956) July. 

The epsilon phase of zinc-manganese- 
copper alloy system is stable at high 
temperatures and is similar to the ep- 
silon phase (hexagonal close packed) of 
copper-zinc system, This report gives 
the results of experiments on the cor- 
rosion resistance of quenched zinc-cop- 
per alloy systems, where the range of 
added elements is 6-25% for manganese 
and 0-19% for copper. 

Procedure: Volume 
leased from the sample dipped in 1.2 
hydrochloric acid; weight loss of _ 
sample dipped in 3.5% N sodium chlo- 
ride potassium chloride and 0.1 N_ hy- 
drochloric acid solutions were measured. 
Results are as follows: 

(1) Alloys containing about 14% cop- 
per have good corrosion resistance equal 
to that of 99.99% zinc. 

(2) Alloys containing above 15% cop- 
per have better corrosion resistance 
than 99.99% zinc. 

(3) Alloys which showed superior 
corrosion resistance produced passive 
films on their surfaces in the solutions. 
—JSPS. 13981 


of hydr ogen . - 


6.3.20; 3:22 
Low-Pressure Solubility and Diffusion 
of Hydrogen in Zirconium. M. W. Mat- 


LETT and W. M. ALBRECHT. Battelle 
Memorial Institute. J. Electrochem. Soc., 
104, No. 3, 152-146 (1957) Mar. 


Low-pressure solubilities were deter- 
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alkalies, water and weathering. 
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Rustbond Primer #6 good edge coverage, reduces undercutting, bonds 
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lated for better resistance to penetration than heavily 
filled vinyl mastics. 
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cals and weathering. 














Use Carboline'’s Engineering Approach—compare solids content, coverage per 
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mined for hydrogen in a@- and B- zir- 
conium and in two zirconium-oxygen al- 
loys at 700 to 1000 C and pressure of 
0.1 to 44 Hg. The data followed Sie- 
verts’ law for each phase and hydrogen 
solubility decreased with increasing 
temperature at a given pressure. Also, 
there was a slight increase in hydrogen 
solubility in @-zirconium with increasing 
oxygen content. Diffusion coeffiicents 
for hydrogen in @ zirconium were ob- 
tained in the range 300 to 600 C by 
analysis of prepared concentration 
gradients. In the range 600 to 800 C, 
degassing coefficients were determined 
from rate of hydrogen evolution from 
zirconium cylinders. Degassing coeffi- 
cients were much lower than expected 
from diffusion theory and it was con- 
cluded that the degassing was not a 
pure diffusion phenomenon, Terminal 
solubilities obtained from the gradient 
analysis were in good agreement with 
those found by previous investigators. 
(auth)—NSA. 14141 


6.3.20, 3.5.9 

Oxidation of Zirconium Between 400 
C and 800 C. E. A. GuLBRANSEN and K. 
F. ANpREW. Paper before Am. Inst. Min- 
ing Met. Engrs., New Orleans, Feb., 1957. 
J. Metals (Trans. AIME), 9, No. 4, 394- 
400 (1957) April. 

Work was undertaken to study re- 
action at 400-800 C to ascertain if 
change occurs in reaction mechanism 
between 400 and 600 C to test applica- 
tion of cubic and parabolic rate laws to 
data for long- time oxidations and for 
specimens of varying surface prepara- 
tions and to test reaction mechanism 
by use of theoretical rate expressions. 
Results on abraded specimens are best 
fitted to cubic rate law, while chemi- 
cally polished specimens conform to 
parabolic rate law. Oxide film adheres 
to surface up to 800 C where spon- 
taneous ignition occurred. Classified 
theory of oxidation and diffusion is 
applied to data assuming two mechan- 
isms of reaction; fit is obtained with 
mechanism based on diffusion of zir- 
conium ions in cation vacancies. Tables, 
graphs. —INCO. 14061 


6.3.20, 3.5.9 

An Investigation of Scaling of Zir- 
conium at Elevated Temperatures 
(Quarterly Status Rept. No. 15 for De- 
cember 2, 1946 to March 2, 1957). H. B. 
Prosst, E. B. Evans and W. M. BALp- 
WIN, Jr. Case Institute of Technology. 
U. S. Atomic Energy Comm. Pubn., 
AECU-3424, March 6, 1957, 7 pp. Avail- 
able from Office of Technical Services, 
Washington, D. C.—NSA. 14048 


6.4 Non-Ferrous Metals 
and Alloys—tLight 


6.4.2 

On the Newly Invented Anticorrosive 
High Strength Aluminum Alloy “SAX.” 
M. Kosak1, R. KAWACHI AND T. AMITANI. 
Sumitomo Metals, 9, No. 1, 1-4 (1957) 
January. 

Addition of copper to an aluminum 
alloy hardened by precipitation of 
Mg-Si has the effect of improving its 
mechanical properties, but it lowers cor- 
rosion resistance of the alloy. Addition 
of 0.25 copper was heretofore considered 
maximum. New aluminum alloy (Jap. 
Pat. No. 227,041, Nov. 11, 1956) con- 
tains larger amount of copper, resulting 
in improved mechanical properties with- 
out lowering corrosion resistance. 
Chemical analysis of SAX alloy is the 
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following: 0.66 copper-1.17 magnesium- 
0.008 manganese-0.35 iron-0.60  silicon- 
0.01 zinc-0.39 chromium-0.16 cadmium- 
0.048 titanium-balance aluminum. Tables 
summarize mechanical properties after 
various heat treatments and after cor- 
rosion test in concentrated sodium chlo- 
ride-0.3 hydrogen peroxide; comparative 
data are given for 61S alloy. Graphs.— 
INCO 14205 


6.4.2, 3.2.2 

Intercrystalline Corrosion, Due to 
Hydrochloric Acid, of Aluminum Puri- 
fied by Zone Melting. (In French.) 
FREDERIC Montoriot. Compt. Rend., 244, 
No. 16, 2163-2166 (1957) April 15. 

Samples of super purity Al prepared 
by zone melting were subjected to vari- 
ous heat treatments and subsequently 
exposed to the corrosive attack of a 
22% solution of hydrochloride acid. 
Samples annealed at 600 C and slowly 
cooled exhibited an extremely slow cor- 
rosion process and retained the bright- 
ness of the electrolytic polish for about 
80 days of immersion. The grain bound- 
aries of quenched samples, on the other 
hand, were rapidly attacked. Anodic 
corrosion produced geometric figures of 
exceptional regularity. Minute additions 
of copper iron (0.5 parts to the million) 
to the corrosive medium had an accel- 
erating effect on the process. Summing 
up it is said that super purity aluminum 
prepared by zone melting exhibits an 
intercrystalline corrosion behavior dif- 
ferent from that of high purity alumi- 
num, even if the latter metal’s purity is 
superior to 99.994%—ALL. 14139 


6.4.2, 3.4.9, 5.4.2 

The Formation of Films on Aluminum 
Immersed in Water. R. K. Harr. Trans. 
Faraday Society, 53, Pt. 7, 1020-1027 
(1957) July. 

High-purity aluminum, when sub- 
jected to total immersion at 20 to 80 C 
in pure water carries surface films which 
are either “amorphous” or crystalline hy- 
drates. Below a critical temperature, be- 
tween 60 and 70 C, film growth proceeds 
in three stages. (1) “amorphous”; (2) 
boehmite, Y — AlO(OH); orthorhombic, 
a=3.78 A, b=118 A, c=2185 A> and 
(3) bayerite, 8B — Al,O; * 3H20; mono- 
clinic, a= 4.72 A, b=8.68 A, c= 5.06 
A, a= 90° 11’, the final film thus con- 
sisting of three layers. Above the criti- 
cal temperature only boehmite films are 
formed on the top of the initially pres- 
ent amorphous film. Oriented over- 
growth is favored by both boehmite and 
bayerite: (001) parallel to the surface 
for boehmite, and (010) parallel to the 
surface for bayerite. Immersed alumi- 
num is almost immune to pitting; it 
does, however, suffer severe intergranu- 
lar attack, especially above 60 C—ALL. 

14287 


6.4.2, 3.7.2, 2.3.1 

Chromium and Manganese Contents 
in Light Alloys Containing Aluminum 
and 3% or 5% Magnesium. (In French.) 
A. GuILHAupIs AND R. Deveray. Rev. 
Met., 54, No. 4, 288-298 (1957) April. 

Results of investigations concerning 
the effect of chromium and manganese 
additions on the tensile strength, deep 
drawing properties, weldability and_re- 
sistance to corrosion of aluminum alloys 
containing 3% or 5% magnesium, are 
reported. The method of preparation of 
the alloys and samples, also the test 
equipment and testing procedure are 
described. It appears that, generally 
speaking, chromium, and manganese ad- 
ditions have a favorable influence on 
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mechanical and welding properties and 
also on the resistance to corrosion of al- 
loys of the aluminum-3% magnesium 
type. Best results were obtained with 
0.15 to 0.25% chromium and 0.30 to 
0.45% manganese. The aluminum-5% 
magnesium alloys tested exhibited in- 
ferior welding characteristics and an 
increase in manganese and chromium 
contents does not seem necessarily to 
induce an improvement in corrosion 
resistance. On the whole, the most 
beneficial additions are 0.10 to 0.15% 
chromium and 0.15 to 0.25% manganese. 
It is believed that further improvements 
could be obtained by: a suitable amount 
of silicon, as well as the chromium and 
manganese.—ALL. 14279 


6.4.2, 3.7.3 

The Heat-Treatment of Light Alloys. 
T. R. G. WrittaMs. Rev. Met., 53, No. 
10, 791-795 (1956). 

Williams studied the problems that 
arise in the heat-treatment of extruded 
and rolled aluminum and aluminum al- 
loys. He describes some of the factors 
governing the choice of equipment and 
method of treatment adopted for the 
solution-treatment, annealing, ageing and 
stress-relieving under the headings of 
metallurgical and non-metallurgical fac- 
tors. Among the former, rates of heat- 
ing and cooling and soaking times and 
temperature are considered in relation 
to the properties of the material, i.e. re- 
crystallization temperature, melting 
temperature, mechanical strength and 
susceptibility to corrosion. The latter 
include staining, mechanical damage 
and distortion on quenching. He de- 
scribes and compares present furnace 
designs and suggests some possible fu- 


ture developments, 16 references.—MA. 
14037 


6.4.2, 3.7.3 

Removal of Oxide from Aluminum 
by Brazing Fluxes. M. F. JorDAN AND 
D. R. Mitner. J. Inst. Metals, 85, Pt. 2, 
33-40 (1956) October. 

Study of fringe systems set up by 
interference of monochromatic light re- 
flected from metal with that reflected 
from any partially detached oxide. Rate 
of potential decay is related to flux 
efficiency as shown by measurements of 
potential of oxide coated aluminum 
made during course of fluxing action. 
An electrochemical theory is advanced. 
—BL. 14040 


6.4.2, 3.7.3 

Investigations on Macrostructure and 
Strength Properties of Aluminum- 
Copper- Magnesium and Aluminum- 
Zinc-Copper- Magnesium Alloy Press 
Forgings. (In German.) WILHELM 
RosENKRANZ. Z. Metallkunde, 48, No. 2, 
41-53 (1957) Feb. 

The effect of production variables, 
such as heat treatment and the rate and 
temperature of deformation on macro- 
structure, static and dynamic strength 
characteristics and corrosion properties 
of press forgings, was investigated. Sec- 
tions of CCP cast metal were press- 
forged to wedge-shape test-pieces by 
using hydraulic, toggle and spindle 
presses. The temperature of the dies was 
150 C for the latter types of presses, 
which for the hydraulic press-forging 
operation dies at 380, 430 and 470 C 
temperature were used. Subsequent to 
solution heat treatment the differential 
evolution of recrystallization was 
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studied. To investigate the 
strength and fatigue resistance of such 
forgings, test bars were prepared both 
from the central and from the marginal 
zone of the wedges. The results are said 


to have corroborated the correctness of 


the view 
prior to 


materials which, 
treatment, lend 


that those 
solution heat 


taemselves readily to recrystalization or 


recovery, are likely to exhibit better 
fatigue properties in the aged condition. 
Since, in aluminum-zinc-copper-magne- 
sium alloys the grain boundaries are 
more towards the less noble end of the 
electrochemical series than is the solid 
solution itself, such alloys, if recrystal- 
lized, show a tendency to stress corro- 
sion, while for aluminum-copper-magne- 
sium alloys the opposite holds. The 
quality of the forged product and the 
type ot press which appears to be most 
suitable for attaining the quality, has 
to be determined by taking all these 
properties into consideration.—ALL. 
13870 


6.4.2, 3.8.2 


Electrochemical Behavior of Alumi- 
num. Potential-pH Equilibrium Diagram 
of the System Aluminum-Water, at 25C. 
(In French) E. De-romMBe AND M. Pour- 
BAIX. Centre Belge d’Etude de la Corro- 


sion, Rapport Technique No. 42, 
December, 1956, 20 pp. 
On the basis of free enthalpies of 


standard formation of various constitu- 
ents of the aluminum-water system, an 
equilibrium diagram according to the 
pH and the electrode voltage at 25 C 


was made. Corrosion, passivation and 
stability of aluminum were studied.— 
BTR. 14000 


6.4.2, 4.6.1, 3.6.8 
Mechanisms of Aqueous Corrosion of 


Aluminum at 100C. K. M. Car sen. 
Paper before Electrochem. Soc., Cleveland, 
September 30-October 4, 1956. J. Electro- 


chem. Soc., 104, No. 3, 147-153 (1957) 
March. 
Superpurity aluminum, 1  nickel-alu- 


minum, 2 copper-aluminum, 1 iron-alu- 


minum and 1 silicon-aluminum alloys 
were tested in aqueous solutions at 100 
C. Samples were polarized cathodically 
and anodically to study effect of cath- 
odic and anodic reactions on corrosion 
behavior. Eutectic NiAl; is preferenti- 
ally attacked both on cold worked and 
annealed specimens on exposure to 100 
C water, while aluminum matrix is only 
slightly attacked. At 230 C, eutectic re- 
gions are again attacked and matrix 
corrodes in more general manner. When 
1 nickel-aluminum alloys are made cath- 
odes at 0.1 ma/cm’ they are severely 
attacked in eutectic regions and anodic 
samples develop pitting. Results are in- 
terpreted as showing that alkalinity pro- 
duced at cathodes facilitates film break- 
down in these places. Polycrystalline 
superpurity aluminum was attacked in 
grain boundaries. Reported success of 
aluminum-iron, aluminum-nickel and 
aluminum-copper alloys indicates that 
alloying elements protect metal by pro- 
viding sites for cathodic reactions. Ef- 


ect of silicon is not understood. Influ- 
ence of bulk pH and inhibitors is 
discussed. Numerous photomicrographs. 
-INCO. 13901 


6.4.2, 4.6.7, 3.5.9 


Thermogalvanic Potentials and Cur- 
rents at Aluminum Surfaces in Industrial 
Water. Epcar C. Pitzer. J. Electrochem. 
Soc., 104, No. 2, 70-74 (1957) Feb. 

Potentials and galvanic currents at 2S 
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aluminum surfaces in Columbia River 
water were studied between room tem- 
perature and 100 C. The aluminum po- 
tential changed by approximately 0.6 
v over this interval, becoming more an- 
odic with increase in temperature. Sim- 
ilar but somewhat smaller changes in 
potential were noted in buffer solutions. 


3y coupling identical aluminum sam- 
ples, one at 100 degrees and the other 
at room temperature, a maximum cur- 
rent density of 40 wamp/cm* was main- 
tained. 13830 


6.4.2, 6.2.4 

Fatigue Tests on Notched and Un- 
notched Sheet Specimens of 2024-T3 and 
7075-T6 Aluminum Alloys and of SAE 
4130 Steel with Special Consideration of 
the Life Range from 2 to 10,000 Cycles. 
W. Itic. U. S. National Advisory Com- 
mission for Aeronautics, Tech Note No. 


3866, December, 1956, 40 pp. 14038 


6.4.2, 6.6.11, 4.6.11, 5.4.8 

The Performance of Alcan 65S-T6 
Aluminum Alloy Embedded in Certain 
Woods Under Marine Conditions. T. E. 
Wricut, H. P. Goparp Anp I. H. JENKs. 
Corrosion, 13, No. 7, 481t-487t (1957) 
July. 


Laboratory and marine exposure tests 
were carried out to assess the perform- 
ance of Alcan 65S-T6 (6061-T6) alu- 
minum alloy embedded in certain woods 
under marine exposure conditions. The 
tests also involved the assessment of 
several protective paint systems de- 
signed to protect the wood in the simu- 
lated hull sections used in the tests. 

The relative corrosivity to aluminum 
of the woods tested under ship hull con- 
ditions is: rock elm (least), mahogany 
and British Columbia fir (most). Only 
very slight corrosion occurs when the 
aluminum is coated with zinc chromate 
priming paint even in the most corrosive 
woods after extended immersion periods 
in sea water. Alcan 65S-T6 (6061-T6) 
has a corrosion resistance greatly super- 
ior to that of Alcan 24S-T3 & 4 
(2024-T3 & 4) under the same marine 
exposure conditions. Anodizing i increases 
the corrosion resistance of both alloys, 
particularly if this treatment is followed 
by a coat of zinc chromate primer. The 
use of wooden dowels to protect alu- 
minum embedded in these woods is also 
beneficial. Among the variations in paint 
systems which were tested, the most 
comapetse paint system, comprised of 
sealer + barrier layer + copper antifoul- 
ing cnind provided maximum protection 
from corrosion. Where pitting occurred 
on 65S-T6 (6061-T6) embedded in sea 
water wetted wood, it has been shown 
that the rate of penetration falls off 


sharply with time. 13935 
6.4.2, 8.8.1 
Aluminium in the Construction of 


Chemical Processing Apparatus. I. 
Moor. .4/uminium Suisse, 7, No. 2, 43-56 
(1957) March. 

In this first installment of a series of 
articles on the use of aluminum in the 
construction of chemical processing ap- 
paratus some introductory remarks are 
made concerning the importance and 
possible applications of aluminum in this 
field. Then, the properties of aluminum 
are briefly discussed and compared with 
those of other metals. Corrosion be- 
havior and strength characteristics of 
various wrought and cast aluminum al- 
loys are tabulated and hence conclu- 
sions are drawn concerning design prin- 
ciples. Formule and constants are 








given to be used in the calculation o 
welded cylinders of different designs.— 
ALL. 1412, 


6.4.2, 8.9.2 

Resistance to Corrosion of Aluminum 
Alloys for Automotive Applications. F 
T. ENcGLEHART, W. C. CoCHRAN AND E, Pp 
WHITE. Corrosion, 13, No. 9, 555t-560: 
(1957) Sept. 

Aluminum alloys have been employed 
in automobiles for some time in applica- 
tions such as pistons. In recent years 
however, increased use of aluminum 
alloys for many other automotive ap- 
plications has been anticipated. This 
paper presents the available information 
on the resistance to corrosion of alumi- 
num alloys for these many new uses, 
Particular emphasis has been placed on 
performance of aluminum alloys for au- 
tomotive trim, but other applications 
are also covered. Included is a discus- 
sion of choice of alloy and the per- 
formance of the large variety of finishes 
available. Results of atmospheric corro- 
sion tests together with those of limited 
field experience are provided to indicate 
the good resistance to corrosion of alu- 
minum alloys in these applications, Fac- 
tors affecting the performance of these 
alloys in service are also covered. 14193 


6.4.3, 4.6.1 

Corrosion of Beryllium in 525 F and 
600 F Distilled Water. R. S. PEopLEs AND 
i, a skt. Battelle Memorial Insti- 
tute. U. Atomic Energy Comm. Pubn., 
SMILHAP- 101, Sept. 12, 1949 (changed 
from Office Use Only January 11, 1957), 
17 pp. Available from Office of Technical 
Services, Washington, D. C. 

Corrosion tests were conducted on 
sintered grade and vacuum-cast ex- 
truded beryllium specimens. Results in- 
dicate that the sintered grads is more 
resistant to disintegration and localized 
attack than extruded material.— NSA. 

13834 


6.4.2 

Mechanical Tests on Specimens from 
Large Aluminium-Alloy Forgings. J. A. 
MILLER AND A. L. Axsert. U. S. National 
Advisory Committee for Aeronautics, 
Tech. Note No. 3729, August, 1956, 25 pp. 

Results of tensile and bend tests on 
specimens from solution heat treated 
and artificially aged hand forgings of 
aluminum alloys (aluminum-5.6 zinc-4.4 
copper-0.8 silicon-0.8 manganese-0.3 
chromium and aluminum-5.6 zinc-2.5 
magnesium-1.6 copper-0.3 chromium). 
Stress and strain at failure varies with 
location and direction of specimen in 
forging, effects of biaxial tensile stress 
conditions, etc.—BNF. 13268 


6.4.2 

Finishing Systems for Aluminum. 
R. V. VANDEN Bera. Elec. Mfg., 58, 150- 
155, 292, 295 (1956) Oct. 

Surface finishes produced by mechani- 
cal, chemical and electrochemical meth- 
ods, besides painting and porcelain 
enameling are discussed—BTR. 13412 


6.4.2 

Finishing Aluminum. R. C. 
AND J. Loucks. Modern Metals, 
62-70 (1956) July. 

Techniques include mechanical, chem- 
ical, electrochemical and coating. Choice 
of technique depends on appearance, re- 
sistance to weathering or corrosion, 
hardness or wear resistance and the 
presence or absence of color. 

Methods and _ applications 
cussed.—RAD, 
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6.4.2, 3.5.8 
On the Problem of Intercrystalline 
Corrosion of Wrought Aluminium- 
Magnesium Alloys, E. Hucony anp M. 
\[ONTICELLI-PAPANIA. Alluminio, 25, No. 

373-384 (1956) September. 

Results of research work carried out 
n the tendency: of aluminum-magnesium 
lloys to stress corrosion is reported. 
Che ultimate object of the tests per- 
ormed was to define the alloying com- 
osition which exhibits highest resist- 
ince to corrosion when subjected to the 
ombined action of a corrosive medium 
ind mechanical stress, as it is in the 
ase of most naval applications. Lami- 
iated specimens of twelve different 
iluminum-magnesium alloys with small 
nanganese, iron, silicon and chromium 
ontents were subjected to loop-tests in 
1 3% sodium chloride and 1% hydro- 
-hloric acid solution and the effects of 
both temperature and conditions of heat 
treatment were observed. Taking into 
consideration some secondary factors, 
such as work hardening and service con- 
ditions above room temperature (50 C), 
and also the further necessity of pre- 
serving, as far as it is possible, the 
mechanical characteristics of the alloy, 
the proportion of magnesium recom- 
mended is 4.4%. A discussion on the 
subject is reproduced in detail. An ex- 
tensive bibliography is presented—ALL. 

13177 


6.4.3, 4.6.1 

Corrosion of Sintered and Extruded 
Beryllium at 550F in Distilled Water 
(1030 psi). R. S. Peortes, H. BuLtKow- 
SKI AND F. W. Fink. Battelle Memorial 
Institute. U. S. Atomic Energy Comm. 
Pubn., BMI-HAP-102, Jan. 18, 1950 
(Changed from Official Use Only Jan. 11, 
1957), 7 pp. Available from Office of 
Technical Services, Washington, D. C. 

Evidence of corrosion damage was 
found in all samples of sintered and 
vacuum cast-and-extruded beryllium. It 
was concluded from results of tests that 
550 F is beyond the safe limit for the 
material tested —NSA. 13832 


6.4.4, 3.5.9, 3.4.9 

Oxidation of Magnesium by Air Be- 
tween 350 and 500 Degrees. (In French.) 
M.-L. Bousston, L. GRALL AND R. CAIL- 
LAT. Rev. Met., 54, No. 3, 185-188 (1957) 
Mar. 

To test the suitability of commercial 
purity magnesium as a cladding material 
in nuclear reactors corrosion tests were 
carried out in humid air saturated at 
25 C, at temperatures ranging from 350 
to 500 C. The increase in weight of the 
etched and chemically brightened sam- 
ples was determined by the discontinu- 
ous and also by the continuous thermo- 
gravimetric methods. The maximum 
operating temperature for magnesium 
in a moist atmosphere and in the ab- 
sence of radiation is set at 350 C. The 
kinetic problems of oxidation in water 
vapor are investigated. It is said that 
basic processes are still not well under- 
stood. Three different reactions may oc- 
cur: oxidation, nitridation and reduction 
of water vapor.—ALL. 14055 


6.4.4, 3.7.2 

The influence of Impurities on Some 
Properties of High Purity Magnesium. 
Part II. Some Mechanical Properties 
and Corrosion Resistance. (In Japanese.) 
Riet IcHrKAWA. Light Metals (Japan), 
No. 23, 50-53 (1957) March. 

Influence of impurities in magnesium 
on some mechanical properties and cor- 
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rosion resistance was studied for super 
purity magnesium prepared by vacuum 
evaporation process, high purity mag- 
nesium containing several alloying 
impurities, and commercial purity mag- 
nesium. The results obtained are as 
follows: (1) Fair deformability was 
obtained with super purity magnesium. 
(2) The change in mechanical properties 
depending upon the change of kinds and 
quantity of impurities in magnesium was 
not remarkable, but copper and silicon 
slightly reduce deformability of mag- 
nesium. (3) Superior corrosion resistance 
was obtained in the case of super purity 
magnesium. (4) The corrosion resistance 
of high purity magnesium fell off in 
order of aluminum, silicon, copper and 
iron contained in magnesium. (5) In 
case of commercial purity magnesium, 


the corrosion resistance was _ inferior, 
but better than magnesium containing 
some quantity of iron. —ALL. 14233 


6.4.4, 3.7.2 

Effect of Zirconium on Several Prop- 
erties of Magnesium Alloys. F. A. Borin 
AND E. S. SoLLerTINSKAYA. Metallovedenie 
i Obrabotka Metallov (U.S.S.R.), No. 2, 
8-13 (1956); Chem. Absts., 51, No. 1, 
191-192 (1957) January 10. 

The alloys studied were magnesium- 
zirconium, containing 0.38 to 0.67 zir- 
conium and 0.008 max. iron, and 
magnesium-zine-zirconium, containing 
4.16 to 4.86% zinc, 0.06 to 0.67 zirconium, 
and 0.026 max. iron. The zirconium was 
added as a mixture of potassium fluo- 
zirconates. A temperature of 900 C was 
needed for its absorption, but, at best, 
the efficiency of addition was only 25%. 

Effects on yield strength, tensile strength, 
elongation, reduction, ductility, high tem- 
erature strength and corrosion resistance 
are covered. —ALL. 13923 





6.5 Metals—Multiple or 
Combined 





6.5 

High Alloys to Combat Corrosion. EF. 
D. Wetsert. Corrosion, 13, No. 10, 659t- 
671t (1957) October. 

The use of highly alloyed materials 
to combat corrosion is discussed and ex- 
tensive data are given. The following 
molybdenum-bearing alloys are consid- 
ered at length: nickel-molybdenum alloy, 
nickel-molybdenum-chromium alloy and 
nickel-chromium-iron-molybdenum alloy. 
Attention is given also to cobalt-base 
alloys and silicon-bearing alloys. Other 
matters considered in connection with 
these alloys include mechanical proper- 
ties, welding characteristics, pre-welding 
considerations, welding techniques, gen- 
eral fabrication considerations and heat 
treatment. 14254 


6.5 

Progress Report in Metallurgy for 
April 1, 1950 to September 30, 1959. 
B. A. Rocers. Ames Lab. U. S. Atomic 
Energy Comm. Pubn., ISC-128, Nov. 10, 
1950 (Declassified Jan. 5, 1956), 41 pp. 
Available from: Office of Technical 
Services, Washington, D. C. 

Progress is reported in the following 
studies: the distillation and preparation 
of calcium; the preparation, casting and 
fabrication of zirconium; the preparation 
of consumable electrodes; corrosion of 


zirconium and zirconium alloys; the 
preparation of vanadium by fused salt 
electrolysis; and the preparation and 


properties of alloys of uranium-zirco- 
nium, thorium-zirconium; niobium-zirco- 
nium, tin-zirconium, aluminum-zirconium, 
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PREPRIMER-BONDERITE 






CONDITIONING GIVES 


ADDED CORROSION 


RESISTANCE... 





For positive long-lived corrosion pro- 
tection on galvanized metal, aluminum 
and sand blasted steel surfaces apply 
Tropical Preprimer-Bonderite before you 
prime and finish coat. 

It reacts to form a tough, uniform coat- 
ing—similar to Bonderite’s* phosphate 
coating in effect—chemically preparing 
these surfaces for improved adhesion of 
primer and finish coats. 

Developed by Parker Rust Proof re- 
search, Preprimer-Bonderite is a one- 
package metal conditioner or wash primer 
that is brushed or sprayed with standard 
equipment. It dries to touch in 15 minutes 
and following prime coats are applied 
almost immediately. 

A regular metal primer—A.C.B., Trope- 
lite or any of the Tropoxy primers—should 
be used before finish coat application. 

Tightly bonding regular prime and 
finish coats to the metal surface and pro- 
viding superior corrosion protection, Pre- 


primer-Bonderite ; 

lengthens paint life 

on “problem sur- "FéBth 

faces’’, effects impor- ANNIVERSARY 
1883 - 1958 { 


tant savings in time 
and money. 
*Reg. U.S. Pat. Off. 


Your request brings complete information on 
TROPICAL PREPRIMER-BONDERITE. Write today! 


TROPICAL PAINT CO. 


1142-1278 W. 7Oth, Cleveland 2, Ohio 


Heavy-Duty Maintenance 
Paints Since 1883 
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germanium-zirconium and thorium-ura- 
nium and carbon-thorium systems, Con- 
stitution diagrams are presented for the 


carbon-thorium system and_ thorium- 
zirconium, tin-zirconium, and thorium- 
uranium alloys——NSA. 13365 


6.5, 3.5.9 

Actual Metallurgical Problems in 
High-Temperature Alloys. W. SIEGFRIED. 
Metaux: Corrosion-Industries, 31, 418-431 
(1956) Oct. 

Discussion on properties required of 
materials used in various components of 
gas turbines. Review of recent develop- 
ments in ferritic and austenitic high- 
temperature materials includes tabula- 
tion of compositions and stress-rupture 
properties of K42B, 19/9 DL, various 
high- and low-alloy nickel-chromium and 
nickel-chromium-molybdenum steels, Lap- 
elloy, German steels designated “Witten” 
and “Thum,” A-286, S-816, Inconel X, 
M-252, Nimonic 80, Nimonic 90, G32, 
Haynes Alloy Nos. 21, 25 and 31 and 
TC-661 (50% Inconel infiltrated titanium 
carbide) .—INCO. 13387 





6.7 Duplex Materials 





6.7.2, §.9.1 

Preliminary Investigation of the Effect 
of Surface Treatment on the Strength 
of a Titanium Carbide-30 Percent Nickel 
Base Cermet. L. Rosrns anp E. M. 
GRALA. Lewis Flight Propulsion Lab. U. S. 
National Advisory Comm. for Aeronautics, 
Tech. Note 3927, February, 1957, 16 pp. 

Investigation of effects of grinding, 
lapping, blast cleaning, acid roughening, 
oxidizing and refinishing on room- 
temperature modulus of rupture and 
impact strength of a_nickel-bonded 
titanium carbide cermet. Most serious 
lesses occurred after oxidation, surface 
roughening by acid attack and severe 
grinding with a 60 grit silicon carbide 
abrasive wheel. Modulus of rupture 
strength of oxidized specimens was im- 
proved after grit blasting or regrinding 


with a diamond abrasive wheel. Photo- 
micrographs, graphs, tables. —INCO 
13827 





7. EQUIPMENT 





7.2 Valves, Pipes and Meters 





7.2, 8.4.5 

On the Quality Requirements for Steel 
Valves for Mesat Power Plants. J. J. 
KANTER. Paper before 
& Science Conference, Philadelphia, Mar. 
11-14, 1957; Am. Soc. Mech. Engrs. Paper 
No. 57-NESC-33, 1957, 5 pp. Valve World, 
60, No. 1, 20-26 (1957). 

Discussion of considerations and prob- 
lems encountered in making available 
steel primary loop valves suitable for 
conditions of nuclear power plants. For 
each type of reactor, primary loop pip- 
ing presents a different corrosion prob- 
lem. In case of water cooled reactors, 
radiation provides a constant source of 
costaee oxygen which together with 
decomposition products, are factors in 
steel corrosion. In case of liquid sodium 
heat transfer, there also exists a prob- 
lem of attack upon steel and_nickel- 
chromium austenitic steels are deemed 
necessary to resist it. Where liquid bis- 
muth is the medium, there are mass 
transfer considerations and chromium- 
molybdenum ferritic steels have given 
most favorable performances to date. 
From standpoint of minimizing corro- 
sive attack, austenitic nickel-chromium 
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Types 347, 304 and 316 are being used. 
Well made steel castings are acceptable 
for primary loop applications as are 
forgings, although apprehension seems 
to exist over porosity inherent in steel 
castings. Surface of stainless valve parts 
for many of the loops is a special re- 
quirement. Rough forged or “as cast” 
surface must be removed by machining, 
grinding or filing both inside and out 
and extensive rework and repair of 
minor defects is a considerable cost 


item.—INCO. 14087 


7.2 

Flow Measurement of Corrosive and 
Similar Fluids. A. Linrorp. Fluid 
Handling, Nos. 85, 86, 87, 39-42; 78-80; 
98-99, 120 (1957) Feb., March, April. 

Description of mechanical displace- 
ment type, differential pressure type 
flow meters and purge system of meter- 
ing. Applications and descriptions of 
shunt type, electro-magnetic and ultra- 
sonic type flow meters are. given. 
Photos, diagrams.—INCO. 14078 


7.2, 4.5.1 

An evaluation of Buried Waste Line 
Design Fracture. Underground Pipeline 
and Structure Corrosion Study Program 
(Interim Report No. 2). R. T. JASKE. 
Hanford Atomic Products Operation. 
U. S. Atomic Energy Comm, Pubn., 
HW-35009, April 1, 1955 (changed from 
Official Use Only January 23, 1957), 43 
pp. Available from Office of Technical 
Services, Washington, D. C. 

Includes a reprint: Examination of 335 
Miles of Asphalt Mastic Coated Pipe. 
DonaLp E, MiLtner. Corrosion, 9, 210- 
215 (1953). —NSA. 13864 


7.2, 6.6.8 

Experience with Oil Field Extruded 
Plastic Pipe in 1955. A Report of NACE. 
Technical Unit Committee T-1J on Oil 
Field Structural Plastics. (W. B. SAn- 
FoRD, Chairman). Corrosion, 13, No. 7, 
461t-465t (1957) July. 

The results of a questionnaire sub- 
mitted to users of oil field extruded 
plastic pipe are summarized and evalu- 
ated, Fifty-six replies were received of 
which 16 were from independent pro- 
ducers and 40 from some six major 
producers. Data contained in the replies 
pertain to such matters as amount of 
extruded plastic pipe used by type of 
material, amount of pipe used by type 
of service, failure frequency, success in 
repairing leaks, distribution of failures 
according to amount of pipe used, cause 
of failure, reasons operators prefer ex- 
truded plastic pipe and economic feasi- 
bility of increased use of plastic pipe. 
Replies received from independent oper- 
ators and major companies are compiled 
separately in giving the above data. 

13896 


7.2, 6.6.8 

Thermoplastic Materials for Pipe. l. 
M. Exviorr. Corrosion, 13, No. 10, 647t- 
653t (1957) October. 

The general properties of plastic pipe 
are outlined and comparisons made with 
metal pipe. Particular attention is given 
to polyethylene, acrylonitrile copolymer 
blends, cellulose acetate butyrate, poly- 
vinyl chloride and polyvinylidene chlo- 
ride. Heat distortion temperatures and 
range of recommended temperatures are 
given for these materials. Data showing 
rate of testing versus fiber stress at 
burst, fiber stress versus time to fail, 
hoop stress versus service life, tensile 
stress versus time to rupture, fiber 
stress at burst versus temperature, ten- 
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sile strength versus temperature and 
safe hoop stress versus temperature are 
given for some of these plastics. The 
joining of plastic pipe is discussed 
briefly. Other topics considered include 


long term effects of stresses, tempera- 
ture effects and new developments in 
plastic piping. 14258 
pf > 


Design of an Experimental Bail 
Valve. A. Sopotev. J. Inst. Water Engrs, 
10, No. 7, 552-557 (1956) Nov. 

Main objects in developing design: 
reduction of cavitation including compar- 
ative values of resistance to cavitation 
in sea water of 60/40 brass, stainless 
steel, nylon and aluminum bronze (88.7 
copper-11.1 aluminum-0.8 manganese): 
elimination of “sticking”; simplicity and 
robustness.—BNF. 1366) 





7.3 Pumps, Compressors, 
Propellers, Impellers 





Low 

ve Are Heater Tubes Worth? R 
B. SmirH and R. R. Eprson. Sinclair Res 
Labs. Petroleum Refiner, 35, No. 8, 133- 
140 (1956) August. 

Method for finding most economical 
tube temperature, wall thickness and 
corrosion allowance when process con 
ditions set tube size, heat load and out 
let temperature. Minimum thickness oi 
tube wall is calculated from code and 
corrosion allowance is added. Equation 
shows that for any given minimum tube 
wall thickness optimum corrosion al- 
lowance is a function of corrosion rate, 
stipulated return and fixed charges. 


Graphs, tables —INCO 13088 


13; 358 

Influence of Asymmetrical Loading 
Upon the Corrosion Fatigue Resistance 
of Pumping Rods. (In Russian.) R. M. 


RASKIN AND R. A. Bacramov. Vestnik 
Mashinostroeniia, 37, No. 1, 28-30 (1957) 
January. 


Experiments show that during corro- 
sion fatigue, the over-all amplitude of 
steel 40 U pumping rods remains con- 
stant with an increase of asymmetry. 
With increasing asymmetry of the cycle, 
the relative lowering of corrosion-fa- 
tigue resistance diminishes. 3 references. 


—MR. 14172 


7.3; 7.4; 6301 

Evaluation of Gold and Gold Alloy 
Bearings in Process Pumps. J. Dunn. 
Hanford Atomic Products Operation. U. S. 
Atomic Energy Comm. Pubn., HW-41727, 
February 13, 1956, 10 pp. Available from 
—— of Technical Services, Washington, 
EA 

The test results for gold, gold-copper- 
silver and gold-copper bearings against 


various journals in deepwell turbine 
pumps and chempumps are _ tabulated 
and discussed.—NSA. 13880 





7.4 Heat Exchangers 





7.4.1 

Design Aspects of High-Pressure 
Feedwater Heaters. J. M. West. Paper 
before Am. Power Conf., 18th Ann. 
Mtg., Chicago, March 21-23, 1956. Proc. 
Am. Power Conf., 18, 250-254 (1956). 

Pressure parts are largely low carbon 
steel plate and forgings. Tube materials 
include 90-10, 80-20 and 70-30 copper- 
nickel and Monel. Desuperheat zone in- 
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let nozzle usually contains a stainless 
steel liner to isolate steam from shell 
and adapter region. A stainless steel 
hurning ring surrounds tube bundle 
.djacent to joint so that joint may be 
ut without damage to tubes. Welded 
ube joints on special types of heat ex- 
hangers are clad first with Monel weld- 
ng rod and final weld is made between 
ube wall and cladding. Diagrams, graphs. 

INCO. 13717 





7.5 Containers 





7.5.5, 5.4.3, 8.8.5 

Tank Linings (for Pickling and Plat- 
ing Tanks). K. G. Le Fevre. Tech. Proc. 
4m. Electroplaters’ Soc., 1956, 34-40, 
286, 287. 

Thin linings (synthetic resins, sprayed 
metals or combination coatings of sprayed 
netal sealed with organic coating) ; thick 
linings (bitumens and _ plastisols, i.e., 
jispersons of finely divided. vinyl resins 
and plasticizers); and (most detailed 
section) sheet linings (rubber, neoprene, 
polyvinyl chloride, Kel-F, etc.). Prop- 
erties, economics and other aspects.— 
BNF. 13634 


8. INDUSTRIES 


8.4 Group 4 





8.4.3 

New equilibrium Data on Sweetening 
Natural Gas with Ethanolamine Solu- 
tions. H. C. MUHLBAUER AND P. R. Mon- 
AGHAN. Paper before Gas Conditioning 
Conference, Univ. Okla., Norman, March 
6, 1957. Oil Gas J., 55, No. 17, 139-145 
(1957) April 29. 

Development of data to be used in 
accurate design of gas-treating plants 
and in proper operation of these plants. 
Underestimation of amount of acid gas 
which a solution will absorb may require 
higher than design circulating rates to 
avoid overloading of solution and con- 
sequent possibility of corrosion in trans- 
fer lines and exchangers. Another pos- 
sibility for corrosion in heat exchangers 
exists as result of underestimating acid- 
gas partial pressure at a given solution 
loading so that, following point of pres- 
sure reduction, solution would be above 
its bubble-point temperature. It would 
release free hydrogen sulfide and carbon 
dioxide causing corrosion of mild steels. 
Tables, graphs —INCO. 14151 


8.4.3 

Blitzing Alkylation Problems. 3. How- 
To’s on Reducing Corrosion. L. REsEN. 
Oil Gas J., 55, No. 16, 116-117 (1957) 
April 22. 

Problem of corrosion reduction in 
alkylation-fractionator was solved by a 
change in caustic strength, use of alloys, 
plastic linings and inhibitors. Corrosion 
took place slightly downstream of injec- 
tion nozzle of unit reactors. Steel pipe 
and Monel linings would last only about 
90 days in this service. A Saran-lined 
pipe eliminated this corrosion problem. 
After caustic was injected into effluent 
stream, it passed through 3 Duriron 
mixers. Pipe enclosing these was subject 
to corrosive attack and they were re- 
placed by 2 Alloyco 20 globe valves. 
Corrosion inhibitors were used on the 
downstream fractionators. In caustic- 
wash system, corrosion of effluent pipe 
or nozzle was reduced by use of a Hastel- 
loy tip welded to end of pipe to serve 
as nozzle. Diagrams.—INCO. 14163 


CORROSION ABSTRACTS 


8.4.3 

Corrosion Problems at Stanlow Re- 
finery. D. H. NicHotson. Corrosion Pre- 
— & Control, 2, No. 2, 37-39 (1956) 

eb. 

Methods adopted at Stanlow to com- 
bat corrosion include use of Epikote 
resin-base paints on pipes, vessels and 
equipment against atmospheric corrosion, 
sulfuric acid and caustic soda spillage, 
neutralization of hydrochloric acid formed 
in distillation processes, use of 2% 
chromium-1 molybdenum and 4-6 chro- 
mium-!4 molybdenum steels for heater 
tubes to prevent hydrogen sulfide attack 
and molybdenum-bearing steels against 
naphthenic acid attack, addition of arse- 
nic to brass for condenser tubes to pre- 
vent dezincification, the lining of pipes 
with bitumen and application of cathodic 
protection to prevent graphite softening 
of cast iron and dilution and washing 
of impurities to prevent formation of 
atomic hydrogen and blistering of steel. 
—INCO. 13333 


8.4.3 

What We’ve Learned in 20 Years 
About Gas Dehydrators. W. SwErRDLoFF. 
Paper before Gas Conditioning Confer- 
ence, Univ. Okla. Norman, March 6, 
1957. Oil Gas J., 55, No. 17, 122-129 
(1957) April 29. 

Report on process design and opera- 
tion of glycol-absorption and _ solid-des- 
sicant dehydration systems. Glycol sys- 
tem is superior to calcium chloride 
brine in that the pure solution is not 
corrosive and gives better drying. Gly- 
col solutions have become the most 
common liquid dessicant for drying gas. 
During the last eight years, use of tri- 
ethylene glycol instead of diethylene 
glycol has become widespread because 
of greater drying efficiency and _ in- 
creased resistance to decomposition. 
Glycol solution may become corrosive 
when impurities in the gas dry and 
cause problems in the dehydration unit. 
All precautions should be taken to keep 
air out of glycol solution. Presence of 
acidic components such as carbon diox- 
ide and hydrogen sulfide will give fur- 
ther difficulties. Use of corrosion inhibi- 
tors is discussed. Hot solution corrodes 
at a greater rate than the cold solution 
most of the time. Corrosion because of 
carbon dioxide is magnified at higher 


pressures. Graphs, diagrams, tables.— 
INCO. 14175 
8.4.3, 4.3.5 


Stanolind Fights Corrosion in Three 
Sulfur Recovery Plants. J. W. Ki~Me_r, 
M. H. RAHMEs AND H. L. Law ter. Paper 
before Natural Gas Assoc. Am. Ann. 
Mtg., Fort Worth, 1956. Petroleum Re- 
finer, 35, No. 7, 183-186 (1956) July; Oil 
Gas J., 54, No. 62, 84-85 (1956) July 9. 

Principal cause of corrosion in three 
sulfur-recovery plants described is solu- 
tion of corrosive gases in moisture con- 
densed from process stream. Products 
of combustion penetrated openings in 
refractory lining of furnace and con- 
densed on cool steel shell. Corrosion 
damage occurred to the stainless steel 
retaining flanges which in turn caused 
mechanical failure of the lead disk. Car- 
bon steel and 304 stainless both failed 
in the sulfur tank cars and sulfur pit 
cover plates. Solution of problem was 
to redesign equipment so that contact 
of process stream with cold metal sur- 
faces is minimized and externally insu- 
late metal surfaces so that they do not 
cool to the water dew point of the proc- 
ess stream.—INCO. 13887 
















































CHEM-WELD PLASTIC 
DRAINAGE PIPE 


is a profit-maker from-the word "go"! 


Tough, strong and durable, CHEM-WELD 
DRAINAGE PIPE is the "“he-man” of 


plastic drain pipe. Yet, it is remarkably 








light-weight, easy to store, quick and simple to 


install with no waste. Chemically-fused 
joints are water-tight and root-proof. 


Completely resistant to rust and corro- 


sion from electrolysis. Once installed it stays 


down! 


SOUTHWESTERN CHEM-WELD 
PLASTIC DRAINAGE PIPE is avail- 
able in a wide range of diameters and 
lengths. 


SEND THE COUPON TODAY 
FOR ADDITIONAL INFORMATION 
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Please send me additional information. 
) Please have APPLICATION ENGINEER call 
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Southwestern 


PLASTIC PIPE CoO. 


P.O. Box 117 ¢ Mineral Welis, Texas 
Phone FA 5-3344 
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8.4.3, 4.5.3 

How Corrosion Attacks Well Casing. 
YW: a roN. Corrosion Services, 
Inc. Oil Gas J., 55, No. 21, 136-138, 140 
(1957) May 27. 

Corrosion of well casing is result of 
either galvanic action, sulfate-reducing 
bacteria or stray-current electrolysis. 
Cathodic protection is a reliable and 
useful method of protecting casing from 
external corrosion. Current  require- 
ments are determined from either down- 
hole potential-drop surveys or wellhead- 
current-potential measurements. De- 
scription of use of these methods is 
given. Graphs, diagrams.—INCO. 14148 


8.4.3, 5.8.2 

Preventing Corrosion by Crude: The 
Use of Surface-Active Agents. D. Bass. 
Armour & Co. Petroleum, 20, 139-142 
(1957) April. 

A review is given on the use of cat- 
ionic surface-active agents, e.g., fatty 
amines and their acetates, quaternary 
ammonium compounds, etc., to combat 
corrosion caused by crude oil both at 
the oil well, particularly in water flood- 
ing and at the refinery. 14212 


8.4.5 

327 Basin Aluminum Corrosion Test. 
G. R. Matcetr. Hanford Atomic Prod- 
ucts Operation. U. S. Atomic Energy 
Comm. Pubn., H\W-41370, Feb. 9, 1956, 
8 pp. Available from Office of Technical 
Services, Washington, D. C. 

An investigation of corrosion in the 
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327 Building’s water storage basin was 
made to determine whether the static stor- 
age of aluminum jacketed fuel elements 
could cause corrosion effects that would 
interfere with studies of in-pile corro- 
sion. It was determined that the amount 
and type of corrosion which occurs in 
the 327 Building basin does not inter- 
fere with the examination for aluminum 
corrosion on irradiated slugs and that 
the use of sodium nitrate as a corrosion 
inhibitor was not necessary in the pre- 
vention of excess aluminum corrosion 
on slugs stored in the basin. (auth).— 
NSA. 14107 


8.4.5 

The Heavy Water Reactor for Power. 
W. B. Lewis. Atomic Energy of Can- 
ada Ltd., Chalk River Project, DI-25 
May 14, 1956, 52 pp. 

The advantages of heavy water as 
moderator and coolant in reactors for 
economic power are mainly its negligi- 
ble capture of neutrons and the ease of 
maintaining it. It is shown that in com- 
parison with sodium and ordinary water 
as coolant, the saving in fuel costs can 
more than offset the losses and interest 
charges of the heavy water at the U. S. 
price of $28/lb. Moreover, it is possible 
to use natural uranium both as _ the 
initial and make-up fuel. A further pos- 
sibility is envisaged that a very long 
irradiation of an artificial fuel, initially 
L*® + thorium, may prove economic 
because of the reduction of processing 
Moreover on the U®™ 


costs. “thorium 
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cycle the use of heavy water may make 
it possible to achieve a net gain from 
breeding U*™. Against these advantages 
must be set the necessity for controlling 
loss not only on account of its cost but 
also because of the ingestion hazard of 
its rising content of H*. Heavy water 
enjoys the same advantages as ordinary 
water of possessing good heat transfer 
properties but also the disadvantage 
that steam pressures become high at 
relatively low temperatures. Both are 
also chemically active at high tempera- 
tures and attention must be paid to the 
control of corrosion. The relative ad- 
vantages of the pressurized tube and 
pressure shell type of construction are 
reviewed and a promising type of pres- 
surized tube construction is suggested 
that preserves good neutron economy. 
The paper is mainly projected towards 
very low power costs in which the total 
of fuelling costs is less than 1 mill per 
kwh. (auth)—NSA. 14031 


8.4.5, 1.6, 6.5, 4.7 
Metallurgy Information Meeting, 
Ames Laboratory, Iowa State College, 
May 2, 3 and 4, 1956. Ames Lab., Ames, 
Iowa. U. S. Atomic Energy Comm. 
Pubn., TID-7526 (Pt. 1), [1956], 284 
pp. Available from Office of Technical 
Services, Washington, D. C 
The topics included are: Nondestruc- 
tive Testing of EBWR Fuel Plates, 
Wetting Temperatures of Fuel Element 
Components with Sodium and Nak, 
Strengthening of Beryllium for High- 
Temperature Use with Beryllium Oxide 
and Beryllium Carbide Dispersion, Me- 
chanical Metallurgy of Zircaloy-3B, 
Mechanical Properties and Corrosion 
Sehavior of Zircaloy-3B, Constitution 
of Uranium and the Platinum Metals, 
Production of Thorium-Bismuth Disper- 
sions, Preparation of Boron-Containing 
Alloys, Aluminum-Boron and Alumi- 
num-Uranium-Boron Alloys for Im- 
proved Reactor Performance, Radio- 
analysis of Krypton and Xenon and Its 
Use in Diffusion Experiments with Sil- 
ver, Preferred Orientation in Extruded 
Thorium Rod, Morphology of Zirca- 
loy-2, Microstructural Appearance and 
Identification of Hydrides in Zirconium 
and Zircaloy-2-Hydrogen Alloys, In- 
spection of Small Diameter Tubing by 
Eddy Current Methods, Application of 
Immersed Ultrasonic Technique for the 
Inspection of Small Diameter Tubes, 
Corrosion and Mass Transfer by Lith- 
ium at High Temperatures and Silicon- 
izing of Metals in Liquid NakK.—NSA. 
13947 


8.4.5, 3.5.8 

Stress-Corrosion Cracking Problems 
in the Homogeneous Reactor Test. E. 
G. BOHLMANN AND G. M. Apamson. Oak 
Ridge Nat’l. Lab. U. S. Atomic Energy 
Comm. Pubn., CF-57-1-143, January 31, 
1957, 25 pp. Available from Office of 
Technical Services, Washington, D. C. 

Chloride-induced stress-corrosion 
cracking has been encountered in the 
homogeneous reactor test during the 
preliminary testing. The reactor is con- 
structed of austenitic stainless steels. It 
is unique in that it will operate at 250 
to 300 C with an aqueous uranyl sulfate 
solution fuel containing 200 to 500 ppm 
of dissolved oxygen. The cracking has 
occurred in a secondary system used 
for detecting leaks in the flanged joints 
of the primary systems and in _ the 
grooves of flanges in the primary sys- 
tems. Tubing used in the leak-detection 
system was found to be contaminated 
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with chloride introduced during manu- 
facture. Examples of cracking of tubing 
and flanges are shown. In the labora- 
tory it has been demonstrated that 
stress-corrosion cracking of austenitic 
stainless steels does not occur in oxy- 
genated uranyl sulfate solutions unless 
chlorides are present. Results of the 
laboratory studies and studies in engi- 
neering loop experiments are discussed. 


(auth)—NSA. 13903 


8.4.5, 7.10, 3.7.3 5 

Metallurgical Examination of Resist- 
ance Thermometer Elements Removed 
from 105 KW and KE Areas. L. A. 
Hartcorn. Hanford Atomic Products 
Operation. U. S. Atomic Energy Comm. 
Pubn., HW-37077, June 6, 1955 (Changed 
from Official Use Only January 23, 1957), 
7 pp. Available from Office of Technical 
Services, Washington, D. C. 

An examination was made of the re- 
sistance thermometer units which were 
removed from the KW and KE reac- 
tors. The examination was made in 
order to determine the extent of corro- 
sion between the silver brazing alloy 
and the stainless steel nut and to estab- 
lish that metallurgical defects exist in 
the brazes. Most of the elements from 
the KW reactor showed evidence of 
corrosion attack. The KE units had 
been installed with a rubber washer 
placed over the braze. Some of these 
units were corroded, but to a lesser de- 


gree than the KW units—NSA. 13895 


8.4.5, 3.7.3 

Metallurgical Examination of Resist- 
ance Thermometer Elements: Rear 
Face 100-K and Prototype Units 100-H 
Areas. Lewis S. Reep, L. A. Hartcorn 
AND W. R. SmirH. General Electric Com- 
pany. U. S. Atomic Energy Comm. Pubn., 
HW-36210, April 18, 1955 (changed 
from Official Use Only January 23, 
1957), 8 pp. Available from Office of 
Technical Services, Washington, D. C. 


All the units which were examined 
after being in service only a short time 
exhibited some corrosion attack on the 
brazed joints and the brazed joints on 
the units which had been in service for 
periods up to a year were so extensively 
corroded that little or no braze metal 
remained. It is concluded from this ex- 
amination that the silver brazing alloy 
used to make these units is not suitable 
for joining Type 416 stainless steel to 
Type 305 stainless steel in this service. 
(auth).—NSA. 14145 


8.4.5, 4.3.3 

Homogeneous Reactor Experiment 
Report for the Quarter Ending Febru- 
ary 28, 1950. C. E. Winters, editor. Oak 
Ridge National Lab., Tenn. U. S. Atomic 
Energy Comm, Pubn., ORNL-630, April 
21, 1950 (Declassified January 13, 1956), 
133 pp. Available from Office of Tech- 
nical Services, Washington, D. C. 

Solution Stability: Solution-stability 
experiments indicated that if the ura- 
nium sulfate solution is at a tempera- 
ture of 65 C and at ORNL reactor flux, 
1 to 2 excess molar sulfuric acid would 
be necessary to prevent precipitation 
of UO, 

Corrosion: Short-term corrosion ex- 
periments at 250 C generally confirmed 
the selection of zirconium as the mate- 
rial of construction for the homogeneous 
reactor tank. The experiments also indi- 
cated that if too many liberties are 
taken with solution compositions, corro- 
sion difficulties may be experienced. 
Stainless steels of a wide variety of 
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composition were generally attacked by 
uranyl sulfate at 250 C. Addition of 
extra sulfuric acid greatly accelerated 
the attack and, after a sufficiently long 
period of time in a sealed vessel, reduc- 
ing conditions were set up with the 
resulting reduction of the uranyl ion to 
lower insoluble oxides, principally UsOs. 
Additions of oxidizing agents in moder- 
ate quantities in the form of hydrogen 
peroxide, nitric acid, and chromium tri- 
oxide to the vessels stopped the uranyl 
reduction and reduced the attack on the 
stainless steel to tolerable values. Un- 
fortunately, one series of experiments 
with uranyl sulfate plus stabilized nitric 
acid, with or without excess sulfuric 
acid showed a very serious form of in- 
tergranular type of attack on zirconium. 
A single experiment with chromium 
trioxide did not produce this type of 
attack. Over-all, it continues to appear 
that there are several conditions under 
which -a uranyl sulfate homogeneous 
reactor is feasible. Operation is possible 
at 250 C with uranyl sulfate without 
excess acid, using a zirconium tank and 
with the external system constructed of 
zirconium and perhaps titanium or cer- 
tain of the precious metals. Operation 
is possible at 100 C, using a wide vari- 
ety of materials of construction, includ- 
ing stainless steel, if sufficient excess 
acid is incorporated in the solution to 
prevent precipitation. 

Physics: Aside from minor dimen- 
sional corrections to conform to me- 
chanical design values, the calculations 
of critical mass are complete and indi- 
cate a favorable assembly. The ques- 
tion of shimming and of safety and 
regulating rods is still incomplete. 

Engineering and Design: Preliminary 
designs are given for the reactor and 
auxiliaries. A program is reported to 
design and construct a non-nuclear 
model to demonstrate the feasibility of 
operating at 1000 psi and 250 C. (auth.) 
—NSA. 13936 


8.4.5, 6.2.3 
Investigation of Unclad Carbon Steel 
for Pressurizer Applications. Paut E. 
Brown AND Kurt Katz Atomic Energy 
Div., Westinghouse Electric Corp. U. S. 
Atomic Energy Comm. Pubn., WAPD- 
A1W(PCh)-46, January 25, 1956, 60 pp. 
3ound with this report with separate 
pagination is: Examination of Carbon 
Steel Pressurizers. C. F. Paulson. 
WAPD-A1W(PCh)-55, [n.d.], 3 pp. 
Unclad carbon steel for use in the 
A1W pressurizer was studied in the 
liquid, alternate liquid and vapor and 
vapor phases using air and steam start- 
ups. Air caused serious corrosion but 
no excessive corrosion was caused by 
steam. The presence of ammonia re- 
duces the liquid phase corrosion rate 
but does not affect the corrosion rate 
in the other phases. Oxygen concentra- 
tions of 2 to 6 cc/kg of water are toler- 
able for steam pressure start-ups.—NSA. 
13944 


8.4.3, 4.6.4 

Tidewater’s Delaware Refinery. Oil 
Gas J., 55, No. 21, 159-198 (1957) May 27. 

Papers include: This Refinery Didn’t 
Grow, J. P. O’Donnell; Flexibility is 
Designed Into the Crude Unit, W. E. 
Colburn; The Fluid Coker, J. A. Whit- 
combe; The Fluid Catalytic Cracker, 
J. M. Phelps; The Gas Plant, H. A. 
Baird; The Polymerization Unit, S. H. 
Dyer; The Alkylation Unit, S. R. Stiles 
and H. A. Baird; The Houdriformer 
Unit, H. W. Day; The Desulfurizer 
Unit, H. W. Day; The Hydrogen Plant, 
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J. V. Class; The Sulfur Plant, J. M. 
Phelps; Gasoline, Fuel Blending, R. N. 
Wimpress; Instrumentation, W. C. 
Gardner and J. E. Leary; Automation 
Pacemaker; Cooling Water, H. P. 
Evans and E, E, Elliott; The Marine 
Terminal, D. J. Dobbs and J. M. Phelps; 
The Maintenance Program. 

Description of Tidewater’s new Del- 
aware refinery. An extensive variety of 
special materials provides for corrosion 
protection. Ammonia helps to protect 
top section of gasoline column, atmos- 
pheric column and each stage of ejector 
system of vacuum column of crude unit. 
Kontol affords protection to overhead 
duct from atmospheric column and ducts 
of vacuum column ejector system. Mo- 
nel provides protection in top of gaso- 
line column, overhead line, condenser 
shells, foul-condensate pumps and of 
top %rds of the gasoline stabilizer col- 
umn. Inconel protects bottom third of 
stabilizer, reboiler lines and _ shellside. 
Lining and internals of Type 316 stain- 
less protect part of light-gas-oil strip- 
per. Other uses of this same material 
include transfer lines between fired 
heaters and columns. Chromium steels 
are used for fired heater tubes and hot 
process lines. In gas plant, corrosion in- 
hibitor is injected in hydrogen sulfide 
removal section to inhibitor corrosion 
from acid gas. Piping throughout re- 
former unit is of steel. Main exception 
is hydrogen service above 500 F where 
materials are usually 1 chromium-% 
molybdenum for piping, exchangers and 
reactor shells. Heater coils are 2% 
chromium-l1 molybdenum. Alloys pro- 
tect against corrosion of tubeside parts 
of coolers and condensers in contact 
with salt water. Effluent piping from 
reformers is fabricated of Incoloy be- 
cause of high temperatures encountered. 
Corrosion by moist carbon dioxide was 
minimized in critical equipment loca- 
tions by use of aluminum and Monel. 
Piers of marine terminal are double 
decked structures of reinforced-concrete 


slabs supported on H-section steel piles. 
Photos, diagrams.—INCO. 14180 


8.4.5, 4.3.5, 4.7 

A Study of Nitrogen as a Cover Gas 
in Sodium Systems (Technical Report 
No. 53). E. F. Batutis, C. A. PALLADINO, 
R. GAGNE AND J. W. MAUSTELLER. Mine 
Safety Appliances Co., Callery, Penn- 
sylvania (Contract NObs-65426), Dec. 
7, 1956, 25 pp. 

Nitrogen used as a cover gas in sev- 
eral MSA _ sodium systems, ranging 
from 900 to 1100 F and 1 to 7 fps, did 
not induce excessive corrosion of Types 
304 and 347 stainless steel and tool steel 
specimens. Average corrosion rates 
found of the stainless steels ranged 
from +-0.01 to +0.23 mg/cm?-mo and 
tool steel ranged from —0.24 to —0.96 
mg/cm?-mo. The corrosion rate of beryl- 
lium in a 1100 F sodium system (S2G 
mock-up) for six specimens exposed for 
90 days averaged 1.27 mg/cm?-mo. This 
rate of beryllium attack may be unde- 
sirable in some applications and would 
require definite consideration in design 
work. Factors affecting beryllium at- 
tack to varied degrees were: entrained 
nitrogen, calcium content, temperature 
and distance to sodium-nitrogen inter- 
face. The order of magnitude of these 
factors was not definite but the last 
mentioned seemed to be least effective. 
These factors were negligible in the 
corrosion of stainless steels and tool 
steel in the MSA test systems. (auth) 
—NSA. 13881 
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Coated and uncoated oil pipe. The top section of this 4-inch steel 
tubing was left uncoated; the bottom given a finish based on 
BAKELITE Brand Vinyl Resins. They carried the same 100 barrels 
of crude oil and 1000 barrels of high-iodine-content salt water 
every day for five months. The coated section shows no rneasur- 
able damage. 
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BAKELITE Brand Phenolic Resins have been the base tor coatings 
on the San Francisco-Oakland Bay Bridge since 1938. Its 16 
million square feet of metal are under attack from sun, wind, 
rain, fog, industrial atmospheres and sulfur dioxide smoke 
from diesels. Average painting cycle was 7 years, although 
some surface areas lasted more than 8 years. 


with BAKEL 


BRAND 


Throughout industry, coatings systems based on 
BakeE.ITE Brand Resins are winning the battle against 
corrosion — and saving millions of dollars annually. 
Vinyl, phenolic and epoxy resins have repeatedly 
proved their resistance to chemicals... weather. . . 
corrosive atmospheres . . . salt water and other destruc- 
tive agents. 

Economy a major advantage. Protective coatings 
based on Bake.irE Brand resins adhere strongly to 
metal even under abrasion and impact. They provide 
years of trouble-free protection with far less mainte- 
nance... for more long term economies. They are 
quickly, easily, and economically applied. Case histo- 


BAKELITE Brand Phenolic Resins are used in the coatings on these 
flues and dust collectors in an aluminum refining plant where 
alumina is removed from bauxite. Furnace conditions in the 
plant subject interior equipment to 350 deg. heat. Caustic dust 


and fumes are severe. But paint has been renewed only once 


in 16 years. Long service lowers maintenance costs. 
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BAKELITE Brand Vinyl Resins are in the latest coatings adopted 
by the Navy. With their superior resistance to the elements, 
much longer service is expected before repainting. Easily ap- 
plied, these coatings cut the amount of time a ship must be out 
of commission. Any touching-up needed will not require removal 
of the previous undercoat. 


TE plastics 


ries show that coatings based on BakELITeE Brand resins 
often last for years where others failed in months. 
Bakelite Company will help you to find the best 
system for your needs. You work through a single 
authoritative source for a variety of resins. Bakelite 
Company has the vinyls, phenolics and epoxies to meet 
the needs of specialized coating formulations. The 
laboratory and research facilities of Bakelite Company 
are backed by years of experience in formulating resins 
for coatings to meet the most rigid requirements, in- 
cluding government specifications. 

Free coatings booklet: “Bakelite Resins for Surface 
Coatings.” Write Dept. CB-33. 


BAKELITE 


BRAND 


UNION 
CARBIDE 


agg 
The terms BAKELITE and UNION CarBIDE 
are registered trade-marks of UCC. 


BAKELITE COMPANY, Dept. CB-33 
Division of Union Carbide Corporation 
30 East 42nd Street, New York 17, N. Y. 


Please send me a free copy of Technical Bulletin No. 229, 
which charts the properties of coatings based on BAKELITE 
Brand Resins. 


Name 

Title 

Firm name 

Street_ 

City___ State 
Type of equipment to be protected 
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CORROSION PROTECTION 
with SOLVAY SODIUM NITRITE 


(plus monosodium phosphate) 


The corrosion on the left side of this 
sample of common sheet steel devel- 
oped during 2 weeks of storage under 
an outdoor shed roof. Before the 
specimen was placed there, the right 
side was dipped in a heated (160°F.) 
water bath containing 2.7% So.vay 
Sodium Nitrite and 0.3% monoso- 
dium phosphate. 


Aluminum Chloride Vinyl 

Chloride * Sodium Nitrite 

Calcium Chioride * Soda Ash 

Caustic Potash * Ammonium 

Chloride * Potassium Carbonate 

Caustic Soda * Methyl Chloride 

Snowflake® Crystals * Methylene 

Chloride * Ammonium Bicarbonate 

Sodium Bicarbonate ¢ Chloroform 

Hydrogen Peroxide * Cleaning Compounds « Chlorine 
Monochlorobenzene « Ortho-dichlorobenzene ¢ Carbon 
Tetrachloride * Para-dichlorobenzene 


SOLVAY branch offices and dealers are 
located in major centers from coast to coast. 


This simple inexpensive treatment 
offers a practical method of protec- 
tion for iron or steel sheets, tubes, 
bars or semi-finished parts during 
storage or between processing steps. 
It is easy to apply and will not affect 
normal skin. Although not generally 
recommended for uncovered outside 
storage, the film produced by sodium 


nitrite and monosodium phosphate 
is substantially more resistant to 
moisture than that formed by sodium 
nitrite alone. 

This is just one in the broad range 
of applications of Sotvay Sodium 
Nitrite for corrosion protection. It 
can be used as a spray, a dip, or in 
circulating water systems. 


Write for sample and detailed information 


ir. 
alts] 


Please send me without cost: 


RN ss a 8 ee 


Position 


SOLVAY PROCESS DIVISION 
ALLIED CHEMICAL & DYE CORPORATION 
61 Broadway, New York 6, N. Y. 


O Working sample of Sotvay Sodium Nitrite. 
O Booklet—“‘Sodium Nitrite for Rust and Corrosion Prevention.” 





Company — 





Phone 





Address. 





City a 
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ALOYCO 111 Gate Valve for 150 Ib. service 
features double disc ball-and-socket wedges 
They are free to rotate and are non-fouling 
in any position which insures tight closure 
There are Aloyco valves and alloys 
designed for every type of corrosive service 


one company with experience, facilities, research and 
service all devoted to a single product is your best source 
of supply? The modern Aloyco foundry, for example, is designed 
to produce one end product only: pressure-tight 


| | 
SPECIALIZATION! Isn't it reasonable to believe that the 
Stainless Steel Valve castings of the finest quality. D 


| Longer Lasting 
ALLOY STEEL PRODUCTS COMPANY (@\VHiMMHip: 


LINDEN, NEW JERSEY o VALVES 
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Plastic Dryer Trays Outlast Metal 


During two years of continuous service, 9000 drier trays molded of 
reinforced LAMINAC polyester resin have proved superior to metal trays 
for drying intermediates, pigments and other corrosive chemicals at 
Cyanamid plants. They have no coating to chip or flake, cannot rust, are 
lighter and easier to handle, take hard use and do not contaminate 
materials being handled. 


Thirty-Six Months 
Maintenance-Free Service 


#, 


In breach and stack applications in 3 , : ron ; : 
venting systems for alum evaporators Reinforced Plastic Overcomes Metal Contamination 
and digesters, reinforced LAMINAC in- 

stallations have served for more than Contamination by metal developed in a pulp mill conveyor screw han- 
three years without maintenance! This dling bleached kraft stock from washer to storage. Then the conveyor 
surpasses the best previous service rec- screw was lined with LAMINAC resin and glass fibre and has shown no 
ord of carbon steel, which required fre- contamination in 20 months. In the same plant, leakage plagued stain- 
quent maintenance attention. LAMINAC less steel sewer lines used to remove spent chemicals in a process using 


units were also lighter, much easier to highly corrosive chlorine dioxide and sulfur dioxide. Today, LAMINAC- 
install, and less costly. lined sewer lines are holding up perfectly. 


AMERICAN CYANAMID COMPANY —CYANAM1ID yore 


PLASTICS AND RESINS DIVISION 


and Resins 
31 Rockefeller Plaza, New York 20, N. Y. 


Division 


In Canada: Cyanamid of Canada Limited, Montreal and Toronto 


Offices in: Boston + Charlotte - Chicago + Cincinnati + Cleveland - Dallas - Detroit - Los Angeles - New York - Oakland - Philadelphia - St. Louis - Seattle 
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Remittances must accompany all orders the ag- 

gregate cost of which is less than $5. Orders of CONTENTS 
value greater than $5 will be invoiced if re- . : . 
quested, Send orders to National Association of ' Location of NACE Regions, Sections 
Corrosion Engineers, 1061 M & M Bldg., Houston, Membership Directory 

Texas, ee nee — to a -. given Alphabetical List 

a NR AL I a A a ER a ei Geographical, with addresses 
mitside the United States, Canada and Mexico. Corporate Members 


. Committee Directory 
Other Committees 
Technical Committees 
History of NACE 
Awards and Honorees 
Articles of Organization and By-Laws 
Officers and Directors 


Available Now to 
Members of 


NACE at *#2.5° 
Per Copy 


1957 NACE YEARBOOK 


Directory of Membership and Technical Committees 


To: T. J. Hull, Executive Secretary NACE 
Order 1061 M & M Bldg., Houston 2 Texas 


(PLEASE PRINT) 


Your Copy 
Today 


Name 


Number : ~ Street Name or P. O. Box 
Ask for Publication “anf = = 0 ae 
No 57-16 City Zone State 


Remittance Enclosed for Pub. 57-16 


. Copies at $2.50 per copy - Add 65c¢ per package for Book 

; Post Registry to addresses out- 

Reh ee eee ; ae side the United States, Canada 
Total aot r - and Mexico. 
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Maintenance and Corrosion Engineers — 


' 


these are the facts Cy 


TOTAL WATER IMMERSION — 5700 HOURS j 

Coating “A” M/M Urethane Coating “B” 

heen 

corrosion-resistant sys- ” Py 
tems and a Mondur/Mul- 


tron urethane coating were 


Two standard proprietary 





exposed at equal film 
thickness to total water 
immersion for 5700 hours. 


Test results shown at right. 





SOUR CRUDE OIL IMMERSION — 2600 HOURS 
Coating ‘‘A” M/M Urethane Coating ‘‘B"’ 


Two leading corrosion-re- 
sistant coatings and an 
M/M urethane coating 
were subjected to sour 
crude oil immersion, all at 
equal film thickness, for a 
period of 2600 hours, with 
results shown in these un- 
retouched photos. 





Mobay Chemical Company 
Dept. C-2 
1815 Washington Road, Pittsburgh 324, Pa. 


Please rush further information and sources of supply for 
M/M urethane coatings to: 
Name _ ao ccc ees 


Company 





Address 








Ipril, 1958 



















Which coating would you specify ? 


These unretouched photos of steel test panels 
show how air-dry urethane coatings, made with 
Mondur/Multron resins* stood up under severe 
corrosion conditions in a recently-completed com- 
parative test with two other corrosion-resistant 
coatings; one a single-component system, the other 
a two-component system. 

The M/M urethane coating was matched against 
these proprietary coatings at equal film thickness 
for periods up to eight months in (a) total water 
immersion, (b) sour crude oil immersion and (c) 
95-100 per cent relative humidity. 

*These test results apply only to urethane coatings 


formulated with Mondur/Multron resins in ac- 
cordance with standards prescribed by Mobay. 


CORROSION 





ABSTRACTS 


sjof coatings life... 


The test panels tell the story! The traditiou.._lly- 
standard corrosion-resistant systems both show 
severe blistering, film peeling and total film failure; 
the M/M urethane coatings emerged virtually 
unscathed. 


If you specify industrial coatings for your com- 
pany, you can’t afford to ignore these results. Ask 
your paint supplier about urethane coatings formu- 
lated with Mobay’s Mondur/Multron or Mondur 
CB resins—or write Mobay direct for additional 
data and sources of supply. 


| 96-100 PER CENT RELATIVE HUMIDITV—2600 HOURS 
M/M Urethane 


Coating ‘‘A” 


wr 2 
ee 
woo 

$4 

¥, 





Mondur/Multron — 


are trade names of 
Mobay Chemical Company 
Pittsburgh 34, Pa. 





Coating “B”’ 


Standard steel test panels, 
coated with commercial 
one-component and two- 
component corrosion-re- 
sistant finishes, were com- 
pared with M/M urethane 
coating after simultaneous 
exposure to 95-100 per 
cent humidity for 2600 
hours. 








MOBAY 


First in Urethane Chemistry 


_ 


“I 
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so much 
corrosion protection 


for 
so little cost! 


The new Niphos Process; 
exclusive with Tube Reducing, 
makes any ferrous metal as 


corrosion resistant as high-priced 


N | e Ee 0 S stainless. Applied on any shape— 
| fused and alloyed in place by 


intensive heat treatment, Niphos-clad 


heat exchanger tubes, as a typical 
example, can out-last untreated ferrous 


*Registered 


se sea tubing as much as 10 to 1! 


Additional advantages include — optimum hardness (Rockwell C38-42) excel- 
lent salt spray resistance — will not spall, flake, or peel — superior abrasion 
resistance — unaffected by welding — adaptable for either external or inter- 
nal coatings, plus a wide range of achelaie CUT Ty CLR 


| individual job requirements. | 


For complete details, research and current job sam- 


ples and references, write today—no obligation. 


UBE REDUCING CORPORATION 
WALLINGTON ° NEW JERSEY 


New Jersey Tel: PRescott 7-3700 « New York City Tet: CH 4-0877 
Subsidiary of American Metal Products, Detroit, Michigan 












IiDURIRON®!I 


er superior rotection of /; Vater tanks Sa eee a 
” - I ANODES JI 







3 YEARS’ 
PROTECTION 





orget annual replacement of anodes! Here’s an 
actual installation in which service life of DURIRON® anodes 







is estimated up to 25 years. 


Twenty DURIRON® anodes 1” dia. x 60” were installed 
in a 100,000 gallon tank formerly protected by 






aluminum anodes which were replaced every six months. 






After 3 years, (over 800,000 ampere hours) 
DURIRON® showed only negligible consumption. A total 


current of 29 amperes was attained at 21 volts. 
















DURIRON® anodes are unexcelled 
in fresh water services of any pH value, both acid and alkaline. DURIRON® anodes have a long 


service life with uniform current discharge and very low predictable consumption rates. DURIRON® 
anodes are galvanically inert during power shutdown. DURIRON® anodes have no deleterious i 
effect on water. DURIRON® anodes in fresh water are relatively unaffected up to 200°F. 


DURIRON® anodes are available in a variety of shapes and sizes; adaptable to stand pipes and bowls. 


DURIRON® anodes are your best buy in cathodic protection. 
For complete details regarding DURIRON® impressed current 
anodes for cathodic protection in fresh water services, write for 


DURCO THE DURIRON COMPANY, INC., 


CORROSION RESISTING 
ALLOYS 8 EQUIPMENT 


DAYTON,OHIO 
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For superior protection of 3 : i 


PROBLEM: 
PROVIDE SURE, LOW-COST 
CORROSION PROTECTION FOR 
BUTANE SPHEROIDS 


~~ { 
P Met a aE a 


Solution: Specify Time-Tested PITT CHEM /”su/-Mastic 


GQ eurction of a durable, heavy-duty moisture 
and vapor seal was an important consideration 
in planning the corrosion and insulation protec- 
tion of five 40,000-barrel spheroid butane tanks 
at a large East Coast refinery.* 

Because of its long record of maintenance-free 
service in the petroleum industry, Pitt Chem 
Insul-Mastic Gilsonite coating was specified for 
the job. Foam glass type insulation blocks were 
imbedded in Insul-Mastic #4010 Vaporseal. The 
same material was used for all joints and sprayed 
as a final weather sealing coat to protect the effi- 
ciency of the insulation and prevent corrosion of 
the metal structures. A glass membrane was 
imbedded in the weather sealing coat to assist in 
withstanding structural movement. Geo. V. 
Hamilton, Inc., Pittsburgh, was contractor for 
the job. 


PITT CHEM 
Thivk? Fiat Coal Tar Coatings 
PITT CHEM 
“‘Insul-Mastic’’ Gilsonite Coatings 


PITT CHEM 


“Tarset’ Coal Tar 
Epoxy Coating 


PITT CHEM Industrial Coatings are available through 
leading Industrial Distributors. See the “Yellow Pages.” 


COAL CHEMICALS ¢ PROTECTIVE COATINGS © PLASTICIZERS 


Pitt Chem Jnsul-Mastic coatings have no equal 
in stopping moisture vapor penetration. Unlike 
ordinary asphaltic coatings, they contain Gilsonite, 
one of the most chemically resistant bitumens 
known. They withstand extremes of heat and cold, 
moisture and dryness, expansion and contraction. 

Specify Pitt Chem Insul-Mastic for your next 
corrosion-proofing or vapor sealing job. You'll be 
using the same protection applied to many hun- 
dreds of pieces of equipment in the petroleum 
industry, many of which have been Insul-Mastic- 
protected for nearly two decades with little or no 
maintenance cost. 

Pitt Chem Insul-Mastic Coatings are available 
through your local industrial distributor. Call him 
today for more information, or write direct for a 
Pitt Chem Corrosion Protection Guide. 


*Name on request. 


wsw 6991 


¢ ACTIVATED CARBON *© COKE © CEMENT © PIG IRON 





